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I .I NTRODUItCT ION AND) BACKGROU'ND

A. Army Littrictatitig Oitl Analysis

Stt-ot -t he-art Iluhbr I k:allt allaIv s i s proceduttres a r outt inely app II ted i h

* resetr ch l aborato ry tilt both new anid tset tub r i anit s Inl a reasonlable It-lngt h

of t ime (i.e'. , witini three. lavs) * laboratorv tochnicicits anld anllt vicell

hm is ts canl Idet t itv a lutb r icanlt , vs t ab IISh I ts -onld It Iokil and deterfutie it

.tn o IIc1 llnt' Shold bIe madeit . AlIt houigh stich ch~i rac t e r I za t I kin i s tit tenl ac -

Coij 01111 ished to 0 a,. sml I nttuiber tot oilI sapI es. i is Iiip rakt I calI and cos t

prohibitivye to sub loct everv Arniv vehicle oil samiple to such anl ext enls le

,Iina Ivs i S. Ill thle t led, thlt user wanlts anl *-tswerl, usual lv With in a I ew mmil-
tites or houirs, to thlt tilt lowing qutest ions: (I ) what is. thet Col tt IOU oit hiS

11echAan ical V0e n0Ipoent C. e. , eig iliw, t ranisiniss iou, or f Itna I dirive , (2)' what Is-

,W eCOMid it itll ot t he lubricanit ill th, miechiani ICl IComponen1vit , 1) how can pre

mature, oil canlmges bev r educed Or elli l nat ed and ( 4 ho canil Od qn ti klpment t ail -

i res 'r emovalIs be reducved or tlI in I na teod 'Ihe A r mv I s 0 11 knalI v s is P r og r am

k AOAV ) ha s a I detd I n aniswe r ing t he t irs t anld toullr t 1 queits t I ons * loweve r . inl

a.1 swe r I ug Qutlt tonils two an- ld thitree. . nok ckCepNt .zb I e\ Hiet ho0d 0ot rapl I dlv I e s t at-

1,1 il I iitg tlnserv ice luibricanlt 'onld i t I ill has beenl t ound by Which mlatilttenacet

perTSonnel, can11 s chele tkI i I% 01 chaniges based ontilt imm .zitte det erinittnat ion oit lul'-

r icault Conti t Ionil ra their t hanl onl the t radi it IonalI t iin tit "le age k.ri t or ia .

I 1n is t oases,. lubr icanlt cold I t I iln is best dtterminled by Comipa ring a spectlnen

oit used oilI t aken t rom the equtiipment to a sanpIt' oit the new oil. I IHoeVer V.

t tis c ompa r is oni I s c omp I I c ated by i t, relices Ill oilI cheini 8t rv . s ince t he

A\rniy 's engine oilI spec itf icat tolls are based onl Ilr icanit perfOrmlanct rakt he r

tha lub1 11r ican11t coinpos I t I on. Yor examle,~t 'IcC idet a tI list, kit wrongi spec: itica-

itn produc ts or t he iIx Ing oft sevvt-ra I ti It forenit suipplII ,e 's produts t8Andi

v is osi tyv grades qutalII f Iv it undevr theit sait Slitek I tea t Io kin11 nuttv enlg ies mak es

t it-liIf Icat it'l ot thet s pe vItI tic lbricanlt (S) kex t r e I v it t iclt andik t iMnV

*consu4tming. Ill IIke a c-omme rci ial I leet operat ton inl whichi onev spedi t ic lb-

r levantt I .ev. . qu ta I t tv lt'vel and b ranid naineI ca n be t spec: it fted f or eor t a i n

ve Ice oe ra t I ots . thet Army is c ompelled .( to buyv accordinig to speic if ieat ionl

or a vie lubricanit, resuilt lg Ii variouis dift tfrent suippliers. As a resuilt,

-9-



at 2inv point in time, Army pe rsoniel ni ma use, mo're t han one lubricant com-

posit ion in ;a part icular engine or c Liss Of entginev. Sitce the ident itv of thet

resultant oil mixtture is not known, a rapid compalrisOnl with thet new oil is

quite diff icult.* This ident itY depends on the percentage oif each oil present

L n thte ongine and the speC if iC comp0S it ion of ectih product . Therefore, it a

Used oil Cannot be compared with a known niew oil , determination oit the used

oil's condit ion and its drain criteria muist be based onl general lubricaint

degrada tion experience and onl specific Ilub r ica'tion technol ogy.

1; Army Lubr icant Formulation Technology

1'i t i I the early 1 (0's, the U.S. Army procured and used relat ivelv. simple

lubricants in compa rison with those mat erialis beinug of fered as a reslt oft thet

modern lubhricant formulationl technology of thet 11170's,. (1,-)* Prior to thet

I Jt)O ' , it was common for the Army' to purchase -- ing le- grade, convenit tonal I I

f ormu lat ed mineralI ofi Is of d if ferent qualI i ty levels, depending onl thle per-

formance requi rements of thet equipment ill which thet lubricants were to be0

used. In the late lb0's, thet Army recognized thle bVInefits Of ulsing mlml t -

vi scos it v-grade, engine oils and quick lY adapted these ois for nioncombat -

type vehicles (e.g.. G SA Inmteragency motor pool sedans and pickup trutcks; '. 

Postal Service, t ruc ks and sedans ; and DODP commercial trucks and sedanis)

These muint grade oils, with high-mo lecim lar weight polymers added for high-

tempt'r~a tinre thickening puarposes , resulted fn a se r ies of complIex prob lems to

the government dute to the natuire of the polymer ic th ickening material, genl-t

tra IIv refe rred to as a viscosty index imp rove r. These viscosity index

improve rs tinde rgo va rying degrees of shear degradation in service and geVn-

eral lv lose some or all of the viscos itv-improvement capabi Iitv the" are

intended to impart to thle finished luibricant * From anl analyt ical standpoint,

these materials present problems of ident ificat ion (i.e., polar and nionpolar

b lends) and separation becauise of thet Cr1it ical s-o iub il ity of thle Poly'meric

improvers. It is part ii a rl v difficult to i dent Ifv Or separate if thle lubri-

cant is a used sample which possibly was mixed with another supplier's oil in

the fiteld.

*Superscript numbers in parentheses refer to the, list of referencevs at thle

end Of this report.



l.ubricant formulation technology has continued to advance and to become more

complicated since the mid-1960's, at which time the Army began buying syn-

thetic-based arctic engine oils. The difficult requirements of low-temper-

ature fluidity coupled with good high-temperature performance in modern high-
(4,5)

output diesel engines necessitated the development of a new arctic engine

oil specification. (6) Although formulated with synthetic lubricants, the new

arctic engine oil specification is still based on performance requirements

rather than lubricant composition.

M1ore recently, the 1973 Middle East oil embargo and the advent of so-called

long-life or extended drain and no-drain synthetic crankcase lubricants( 7 1 0 )

required the Army to intensify its chemical analysis research and development

efforts. These intensified efforts have provided a basis for the characteri-

zation of the many different lubricants or combinations of lubricants used in

fielded equipment and have helped provide a better understanding of the nature

of today's complex lubricants. (1 1- 15 )  It must be emphasized, however, that

these are laboratory instrumental-analytical methods and are not currently

applicable to rapid field usage.

C. Lubricant Test Kits and the Army's Experience

The concept of test kit usage to rapidly establish in-service/used-lubricant

condition is not new to the Army. References 16 and 17 are two specifications

(under U.S. Navy custody) that describe the performance requirements of such

kits for rapid field assessment of used-lubricant condition. More recently,

an Army Technical Bulletin (18 ) was issued to provide information and guidance

pertaining to use of referenced test kits for the maintenance of proper engine

lubrication conditions. Technical Bulletin TB-TC 15-17 evolved from the

MIL-T-19467 (Ships) Oil Testing Kit which was presumably correlated with the

I'SN MIL-L-9000-series diesel engine lubricants. These MIL-L-9000-serles

lubricating oils were and are formulated with an additive chemistry consider-

ably different and less complex than the Army's MIL-L-2104C- or MIL-l.-46152-

type oils. The extreme difference in additive systems between the USN MIL-L-

9OO0 series of lubricants and the Army's MIL-I-2104C/MIL-L-4b152 lubricants

adds to the already complex identification problem cited earlier.

7I+



The two Navy engine oil test kits were evaluatod In conjunction with a U.S.

Army/U.S. Navy facility administrative vehicle fleet test conducted at the

Naval Ordnance Station, Indianhead, Maryland in 1968-1969.(19,20) Both test

kits were evaluated bN comparing results obtained with the kit system versus

the ASTM standard tests on identical engine oil drain samples. Details of

these oil test kit evaluations are given in References 19 and 20. It is worth

noting that, in most instances, the results obtained from either of the two

oil test kits did not correlate with the ASTM laboratory test methods. Also,

in several instances, the two test kit results did not agree with each other

in establishing unsatisfactory or acceptable lubicant condition. 
(1)

Development of a mobile/portable field oil-test kit which would apply to all

types of engines, lubricants, and operating conditions is still required. A

sititable field oil-test kit would result in: (1) improved vehicle/equipment

readiness, (2) reduced routine maintenance time and costs, (3) reduced logi-

stics volumes, and (4) reduced drain-oil disposition problems.

II. DETAILS OF TESTS

A. Mobile Test Kits

The initial phase of this program was to investigate the acceptability of

currently available commercial mobile lubricant test kits, including the two

Navy units discussed earlier.

The majority of these kits were procured as they became available or as their

existence became known. All or parts of these kits were evaluated, and their

operations are discussed in the following subparagraphs.

1. Oil Test Kit "A"

The literature with this kit states that the Spot Test in this kit provides an

,'timate of the percentage of carbon or solids per volume of fluid and is

similar to the laboratory carbon residue test. A drop of used oil is placed

on the spot-test paper and allowed to spread. The spot is then compared to a

Tone-a-graf to record the total solids in the oil. This method also iden-

tifies excess water in the oil.

li



The kit's viscosity test compares the used oil with a sample of known vis-

cosity (new oil). The viscometer consists of two parallel tubes, each con-

taining a metal ball. One tube contains the new oil, and the other the used

oil. The metal balls are lifted with a magnetic bar and then released. Their

rates of fall are then observed. This test kit measures the difference in

distance traveled for a falling (or rolling) ball over a 12-cm length at

ambient temperature. Originally, the viscometer had areas marked "Good,"

"Fair," and "Poor" to indicate at which time the used oil should be changed.

These markings have been replaced with a graduated scale for more accurate

readings. Positive numbers mean the used oil is more viscous than the refer-

ence oil; negative numbers mean the test (used) oil is less viscous (i.e.,

fuel dilution or shear degraded) than the reference oil.

The acidity test in the kit makes use of a change in color of an indicator

solution due to the pH of the oil. The test is performed by adding a solution
2

to a vial which contains 1 cm of used oil. The vial is then shaken vig-

orously. The solution then changes to either blue, green, or yellow, indi-

cating the oil's condition to be good, mildly acidic, or dangerously acidic,

respectively.

2. Oil Test Kit "B"

The Test Kit "B" is an Oilprint Analysis and is designed to indicate alka-

linity, dispersancy, total contaminants, and cooling contaminants. Several of

the other test kits (i.e., Kits Nos. A, D, F, and I) had a spot test as part

of their kit. In all these tests, a drop of the used oil is placed on an ab-

sorption material, and the spot is compared to a gauge and the previous spot.

3. Oil Test Kit "

Test Kit "C" is used to semiquantitatively measure concentrations of contami-

nant metals in used oils in the 0- to 100-ppm range as well as the relative

acidity or basicity of the oil. The apparatus consists of five tubes with

different reagents to measure each specific contaminant of iron, tin, chrom-

ium, copper, as well as the pH (acid-base). Samples of a used oil are added

to the tubes containing the reagents. The tube is then shaken and allowed to

9



set for the prescribed time. Afterwards, the color change is compared to the

color chart for approximate contaminant/acidic/basic concentrations.

'+. Oil Test Kit "D"

This kit, which conforms to MIL-T-19467 (Ships) and MIL-T-22493 (Wep), con-

tains equipment for estimating fuel dilution, reaction (pH), and solids con-

tent of the used oils. The fuel-dilution test is performed by using a vis-

cosity comparator. This device consists of two cone-shaped cups, each with an

orifice in the bottom. The time necessary for the used-oil sample to flow

from one cup is measured and compared to the flow time for the new oil, di-

luted with 5 percent of the engine fuel, in the other cup. If the used oil

flows through in less time than the new oil mixture, the used oil has 5 per-

cent or more dilution. The reaction (pit) test is performed by filling a vial

to a prescribed level with a reaction indicator. The used oil is then added,

the vial is shaken vigorously and allowed to set. The color of the liquid in

the bottom is then compared with the reaction chart. If the color is blue,

the pit is 6 or more; blue-green, a p1t of 4.5; and yellow, a pH of 3.8. In the

test for solid contaminants, one drop of used oil is placed on a filter paper

tnd allowed time for absorption. The spot is then compared with tile furnished

chart to indicate a satisfactory, borderline, or unsatisfactory oil condition.

The test for solid contaminants corresponds to engine oils containing suf-

ficient blowby carbon to increase their carbon residue by 0.3, 0.6, and 1.3,

respect ively.

5. Oil Test Kit "E"

This device, which essentially measures the capacitance of the oil film,

requires a single test operation for evaluating the used-oil condition. After

calibration, three or four drops of oil are placed in the oil well, and the

result is read on the meter. A reading of 10 or above indicates an unsat-

isfactory oil condition.

10



. il rest Kit "1""

This kit considers five Import ant in-service crankcase oil characteristics:

ilc idity, alIklinIty reserve, detergent/dispersant itction, cont amInatIon level,

and viscosity challge.

For a conplete test series, two separate procedures arre required. The first

procedure measures t it, acIdi ty /i I k I [nit y of the oil saimple and requi res

several drops of indicator solut ion to be placed in a! disposable Indicator

Vial. A cotton swalb siaturated with tsed oil Is inserted into the vial and

pUlmped up and down. A blue solt ion indicates the oil is good (nonacid. good

alkal initv) ; green indicates falir (nonacid, acceptable alkalinity); and yellow

idlcates poor (acid or near aird, insuffiicient alkll mity)o

In the second procedure, a1 drop of oil from the d ipstick Is placed on a test

siide of filter paper. A change iW viscositv Is determined by measuring the

tine requtired for the drop of oil to be hilly absorbed lin the test slide aind

compariLtg that tLme to the "viscosity norm" thit has been previous ly esta-

bliished for that particular oil /engie/t, emperature situation. An increase in

absorpt ion t tine of 2S pereent Indtcates the oil Is in normal condition; 51)

percent Indicates fair condition; and 100 pereent indicattes poor condition. A

decrease in absorption time indicates that tithe oil Iay he diluted or sheared.

The detergent /dispersancy action data are obtained from the same test slide by

measuring the diameter of the ol spot at fill I absorpt ton. A 1.91 cm (3/4-

in.) diameter oil spot idileates good detergent action; 1.27 cm (1/2-itn.)

diameter indicates fair act ion; and 0.6b3 cm (1/4-in.) diameter indicates poor

act ion. l)ispersion is indicated by at relatively evel pattern throughout tht

etiuire oil spot. The kit hits all ol-spot antIl .sis chart with examples of

contamination to which the test slide call he compared (light, medium, and

heavy, and good, fair, and poor disperstncy levels). Also water cont andinat iou

can he determined from the test slide.

7. Oil Test Kit "C"

This test detects, measutres, and indicates the total effect of contamination

till the dielectric constant of oil. rhis analysis Is performed by first cal-

-- II .. ..... i _



ibrating the tester with the new oil; then several drops of oil from the

dipstick are added to the sensor cavity. The deviation meter is then read by

switching to the proper range. Range one is used for mineral-based lubricants

and a reading of less than 4.0 is the suggested safe zone. Range two is used

for synthetic lubricants and a reading of less than 6.0 is the suggested safe

zone.

8. Oil Test Kit "II"

This kit is a new version of Kit G and is more sensitive, uses a smaller

sample, and does not use the dual range switch. The analysis is performed the

,same way. A reading less than 4.0 is the suggested rejecting threshold for

mineral-base lubricants, while a reading less than 8.0 is the suggested con-

demning limit for synthetic oils.

9. Oil Test Kit "I"

The oil-change gauge consists of a block of transparent plastic with a groove

[0.63 cm (1/4 in. wide) and 2.86 cm (1-1/8 in.) long] cut into the surface.

This groove decreases in depth from 15 mils at the tipper edge to zero at the

bottom. Beneath the groove are four brown lines spaced 11 mm apart and num-

bered 2, 3, 4, and 5. When the groove is filled with oil, these lines repre-

sent oil film thicknesses of 2 - 15 mils; 3 = 12 mils; 4 = 9 mils; and 5 - 6

mils. The terminal extremes of the groove 0 and 20 mils are not used in the

test. The brown color of the line is about the same color as the color of a

thermally deteriorated and foreign particle contaminated oil. When line 5 is

not visible through the oil film, the oil is sufficiently contaminated to be

changed.

1O. Oil Test Kit "J"

This kit evaluates the following used-oil properties: viscosity comparision,

total acid number, blotter spot test, and insolubles. The viscometer consists

of two parallel tubes, each containing a metal hall. One tube contains an oil

of known viscosity and the other tube contains the test oil, both at ambient

temperature. The unknown sample is related to the known sample by the rela-

12



tive rate of fall of each ball, and the viscosity rating is taken from a

conversion table provided with the viscometer. Total acid number is deter-

mined by a smaller version of the ASTM D 974 standard test. In this test, the

amount of materials used are reduced by a factor of 10. In addition, the oil

sample is measured by volume (rather than weight), adjusted to approximate

weight by a standard gravity correction factor. Blotter spot tests are used

to determine the amount of dirt present and the dispersance that is left. The

insolubles test involves filtering 1 ml of used oil through a 0.5-micron

filter paper. After the filter is washed with naphtha, the color and density

of the oil stain are visually matched to standards previously obtained by

filtering used oils containing known amounts of C5 and C6 insolubles. This

test has given results within the reproducibility limits of the ASTM D 893

method.

A summary of the operations performed on the various test kits can be seen in

Table 1. In addition, a summary of the operations evaluated using these kits

can be seen in Table 2.

B. Laboratory Engine Tests

For this program, 17 AFLRL laboratory engine tests were monitored using the

conventional ASTM methods and various mobile oil-test kits. These tests were

performed in conjunction with other programs to minimize the costs. The test

data are shown in Table 3. The lubricants used included: one MIL-L-21260B

Type 1, two candidate multiviscosity MIL-L-2104C, two MIL-L-2104C, one Refer-

ence Diesel Oil, one MIL-L-46152, three REO-191, one candidate MIL-L-46167,

two MIL-L-46167, and four REO-203. Of these 17 tests, four tests were run in

the Detroit Diesel (DD) Allison Model 3-53 engine using the 120-hour Steady-

State Screening Test and three were conducted using the DD Model 6V53T engine

according to the 100-hour Arctic Engine Oil Test (Method 354). In addition,

ten tests were run using the DD Model 3-53 engine according to the 210-hour

Wheeled-Vehicle Test cycle. Of these 17 tests, four had lubricant/mechanical

problems which were predicted by the ASTM methods and the mobile oil-test

kits.

13



TABLE 1. SUMMARY OF OPERATIONS PERFORMED BY TEST KITS

Kit

Operations A B C D E F C H I J

Visc. Measure. x x x

Solid Content x x x x x x

Acidity/pH x x x x x

Wear Metals x

Fuel Dilution x

Dielectric Const. x x x

TABLE 2. SUMMARY OF OPERATIONS EVALUATED

Kit

Operations A B C D E F G H I J

Visc. Measure. x x

Solid Content x x x x x

Acidity/pH x x x xx

Wear Metals x

Fuel Dilution x

Dielectric Const. x x x

14



TABLE 3. ENGINES, TYPE TEST, AND LUBRICANTS

USED IN LABORATORY ENGINE TESTS

Engine Test Lubricant

Test Cycle Code Description

I W-V* AL-6212-L REO-203 Grade 30

2 W-V AL-6212-L REO-203 Grade 30
3 S-S** AL-6409-L MIL-L-2104C OE/HDO-1O

4+ S-S AL-6211-L REO-191 Grade 30

5 W-V AL-7062-L REO-203 Grade 30
6 W-V AL-6942-L MIL-L-2104C Candidate

Multigrade (Synthetic)
IOW-30

7+ S-S AL-6211-L REO-191 Grade 30

8 354*** AL-7022-L MIL-L-46167 OEA Candidate

9 W-V AL-7219-L REO-203 Grade 30

10+ 354 AL-6214-L REO-191 MIL-L-2104B
CCL-L-694 Grade 10

11 W-V AL-7135-L MIL-L-2104C IOW/Multigrade
Candidate (Synthetic)

12 354 AL-7283-L MIL-L-46167 (OEA)

13 W-V AL-7287-L MIL-L-2104C OE/I1DO-30

14 S-S AL-6711-L MIL-L-46152 1OW/30
15 W-V AL-7326-L MIL-L-21260B Type 1

16 W-V AL-6950-L Ref Diesel Engine Oil
(UK ER-5)

17 W-V AL-6739-L MIL-L-46167 OFA

* 3-53 W-V = Detroit Diesel Allison Division Model 3-53 engine,

210-Hour Wheeled-Vehicle Test Cycle.

** 3-53 S-S = Detroit Diesel Allison Division Model 3-53 engine,
120-Hour, Steady-State Screening Test.

*** 6V53T 354= Detroit Diesel Allison Division Model 6V53T engine,

100-Hour Arctic Engine Oil Test (Method 354, FTM
Std 791B)

+ = Engine failed before end of test.
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C. Field Tests

Field tests were performed at Letterkenny Army Depot, PA; Ft. Carson, CO; Ft.

Sim Houston, TX; and the U.S. Army Fuel., and Lutbricants Research Laboratory at

San Ant onio, TX. With the except ion of the test at the Army Fuels and 1,ub-

r irants Research Laboratory, all of the tests were also performed In conjunc-

tion with other programs to minimize the costs. Taible 4 lists the vehicles

and lubricants used during thle field tests.

For this program, four vehicles- were selected from the let terkenny Army Depot

Test Fleet for limited test ing. This test fleet has been Involved for 2' years

in anl "extended-drain" oil evaluation programn to determinle thle feasihiIi tv oif

extending the life of crankcase lubricants. The vehicles used four istinct

Ml I I-L-46 1 S2-qua I if led produtc ts--two mine ralI- land two sv itthe ticb I four

separate fleets and were operated under normal mitlitary operat ing condit ions

throughout the test. Monthly oil samples Were' taken from the test vehiIc les

Anld monitored with some of the mobile oil1-test kits.

Some l imited test ing was a-.lso performed oni eight MM)k taiiks at Ft. Carson, CO.

Thse vehicles at Ft . Carson were being tested to de te rmne the teas ib ilIl tv of

using syn-thetic arct ic engine oils in outside arct io-operated combat/tact icll

Veh I Cl es . ForI this program, one baseline tank used Ml L-L-2 104C OF/H)O- !O

lubricant, while seven tanks used MTL-L-461lb7 OEA luibricatt Al thoughi these

oight vehicles were to have been sampled monthly, samples were not received bY

h te AFLRL each mont h. Also,* considerable prob lens were experienced with

Intermixing of two different (WA-qua!fi Fed products due, to a shortage of thle

s-pvcific brand of test oil.

-\t Ft.* Sam Hous;ton, TX, the field test Involved fivye sedans, two stat ion

waigons, andi five picekups for a total of twelve vehicles.* These tests were

conducted In C-0nj Lne t ion With at I-year vehicuilar exhauist emissions monitoring

program to determine the possile improvements InI exhaust emissions, ma in-

t enance.* and fuelI economy which can be real ized f rom the diagnost ic app iI-

,.it ion of exhauist emiss ions analyzers to militarv gasol Ine-powered vehic les.

Pie test fleet was divided Into a control group and a test group, and thle

'elitcl es were operated under normalI millta rY operat ing cond it ions throughout

lI



TABLE 4. VEHICLES, ENGINES, AND LUBRICANTS USED DURING FIELD TESTS

Vehicle Test
No. Vehicle Type Location* Mileage Lubricant

291 1973 Chev Station Wagon LAD 27,434 MIL-L-46152 1OW/30
Synthetic

289 1973 Chev Station Wagon LAD 23,753 MIL-L-46152 lOW/40
Synthetic

891 1973 Checker Bus LAD 23,351 MIL-L-46152 1OW1/30
12-passenger Mineral

890 1969 Checker Bus LAD 12,328 MIL-L-46152 1OW/30
12-passenger Mineral

A-29 1973 Chev Sedan FSH 5,537 MIL-L-46152 Mixed**

A-40 1972 Ford Sedan FSH 4,238 MIL-L-46152 Mixed
A-79 1972 Ford Sedan FSH 3,822 MIL-L-46152 10W/30
A-102 1973 Chev Sedan FSH 3,612 MIL-L-46152 Mixed
A-716 1977 AMC Sedan FSH 2,713 MIL-L-46152 10W/30
E-502 1975 Ford Station Wagon FSH 4,q31 MIL-L-46152 1OW/30

E-503 1975 Ford Station Wagon FSH 8,353 MIL-L-46152 Mixed
G-13 1972 Chev Pickup FSH 4,440 MIL-L-46152 1OW1/30
G-125 1972 Chev Pickup FSH 2,374 MIL-L-46152 lOW/30
G-429 1974 Chev Pickup FSH 2,464 MIL-L-46152 1OW1/30
G-435 1974 Chev Pickup FSH 3,315 MIL-L-46152 Mixed

G-437 1974 Chev Pickup FSH 4,228 MIL-L-46152 10W/30
A-31 M6OAI Tank FC 665 MIL-L-46167 5W/20
A-32 M60AI Tank FC 677 MIL-L-46167 5W/20
A-33 M6OAI Tank FC 867 MIL-L-46167 5W/20
A-34 M6OAl Tank FC 347 MIL-L-46167 5W/20

A-35 M6OAI Tank FC 731 MIL-L-46167 5W/20
B-l1 M6OAI Tank FC 881 MIL-L-2104C OE/HDO-30
HQ-67 M6OAI Tank FC 540 MIL-L-46167 5W/20
HQ-6 8  M60AI Tank FC 436 MIL-L-46167 5W/20
1 1978 Honda Accord AFLRL 24,000 MIL-L-2104C OE/HDO-30

2 1978 Ford 4x4 Pickup AFLRL 7,500 MIL-L-46152 OE~30

FSH - Fort Sam Houston, TX

FC - Fort Carson, CO
AFLRL - Army Fuels and Lubricants Research Laboratory.

San Antonio, TX
LAD - Letterkenny Army Depot, PA

** Mixed lubricant is MIL-L-46152 using a lOW/30, 20W/40, or Grade 30
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the test. MIL-L-46152 lubricants were used during the test and drained at the

normal service conditions.

The AFLRL field test was conducted using two privately owned vehicles, one

1978 Honda Accord and a 1Q78 Ford 4x4 pickup. These vehicles were driven in

normal stop-and-go type operation in going to and from work, normal weekend

driving, and some off-road operation by their owners. MIL-L-2104C and MIL-.-

4blS2 lubricants were used in these vehicles. The lubricants were monitored

on t regular basis with the ASTM methods and various mobile oil-test kits.

I1. DISCUSSION OF RESULTS

The test kits were received over a period of several months: therefore, all

kit testing did not start simultaneously. These various kits were evaluatod

by comparing the results obtained from these kits with the ASTM method test

results on the same new or used engine oil samples taken from both laboratory

and field tests. The majority of the kit testing was done with the Test Kit H

(dielectric constant), Test Kit A (acidity and viscosity comparator), and Test

Kit B.

A. Laboratory Engine Tests

For this program, 17 AFLRI laboratory engine tests were monitored using con-

ventional ASTM methods and several mobile test kits. Some engines had used an

old model of Test Kit C, but the majority were monitored with the new Test Kit

H (dielectric constant) and Test Kit A (acidity and viscosity comparator).

rest Kits H and A were compared with the new oil for each respective test.

The results of the 17 engine tests monitored were tabulated and are included

in Appendix A. Of these 17 engine tests, three were run in the Detroit Diesel

Allison Division Model 6V53T engine according to the 100-hour Arctic Engine

Oil Test (Method 354). In addition, four tests were performed according to

the 120-hour Steady-State Test in a Detroit Diesel Allison Division Model 3-')3

,ngine. Using this same engine, ten other tests were performed according to

the 210-hour Wheeled-Vehicle Test Cycle procedure. In these 17 engine tests,

results showed that there was one borderline pass (Englne Test No. 3, Figure

I~ a i



S I1) and two failures (Engine Test No. 4,

Figures 2 and 3 and Engine Test No. 7,
,o

,,so Figures 4 and 5) in a DD 3-53 engine with
IRN -,10 the 120-hour Steady-State Screening Test.

V 860

-so Figures 2 and 4 compare the results from 1)~E61 4 0
s

-140 445 viscosity and wear metal analysis to the

S- v 2 results from Test Kits A and H in Figures 3
-. 10 -

44C ioo 6 and 5. It can he seen from these figures

> 0 that a problem occurred with engine and/or
so- AIL- so A0 y

0 OIELECTRIC cc
CONSTANT - 70 3 lubricant between the 90- and 105-hour

period, with both kits indicating that an
4040 o oil chance was required. Another failure

0 1s 30 46 60 ?5 90 106 120

TEST HOURS occurred at 54 hours using the bV53T engine

FIGURE 1. CORRELATION OF under the 100-hour Arctic Engine Oil Test
VISCOSITY, IRON AND DI- (Method 354). Figure 6 compares the ASTM
ELECTRIC CONSTANT OF TEST
HOURS USING AL-6409-L Used Oil Analysis with the results obtained

ENGINE TEST NO. 3 with the Test Kit H and the Test Kit A in

Figure 7.
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All four of these engine test lubricant/ mechanical problems were predicted by

the mobile oil test kits and the ASTM method tests. In fact, the mobile oil

tests (dielectric constant, acidity, and viscosity) have fair correlation with

the ASTM method test in relation to viscosity at 40*C, TAN, and wear metals as

can be seen in Figures 8, 9, and 10 and in Appendix A, Tables A-2, A-3, A-6,

and A-9. Although the data seem to indicate that the dielectric constant does

not always correlate with the same particular test, it does appear to indicate

overall oil condition. Even though ove~all correlation with Kit H and Kit A

versus laboratory analysis was not achieved, each individual engine test and

lubricants did. The lack of overall correlation is attributed to each test

being compared to that test's new oil. A better overall correlation may have

been achieved had a single reference oil been used.

Several tests were made with a CLR, one-cylinder engine which used methanol as

fuel. A water/methanol/oil emulsion occurred. The water was detected with

the Test Kit H (dielectric constant), but all values more than 1 percent went

off-scale and could not be recorded.

B. Field Tests

The used oils from twenty-six vehicles were monitored with the mobile oil test

kits and ASTM method tests. The vehicles were from the Letterkenny Army

Depot, PA; Ft. Carson, CO; Ft. Sam Houston, TX; and the Army Fuels and lub-

ricants Research Laboratory in San Antonio, TX. The Letterkenny vehicles were

tested first from samples starting in October 1975 and ending in April 1977.

The eight M60 tanks at Ft. Carson were monitored from September 1977 to Sep-

tember 1978, and twelve vehicles at Ft. Sam Houston were monitored from March

1978 to September 1978. The two privately owned vehicles at AFLRL were mon-

itored from January 1978 to September 1978. Appendix B contains the results

of the field test evaluations. Table 4 lists the vehicle numbers, descrip-

tion, location, and the lubricant used in field tests.

I. Letterkenny Army Depot Test Vehicles

For this program, four vehicles were selected from an extended-drain oil

evaluation program fleet, each using a different MIL-L-46152 lubricant--two
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minor l|-bast, oils mid two svnthet ic oits. h'lt' four vehicl c e re part ot a

I Iot wh ich wa on a 2-year extended-drain oil evaluatIon program ind were

kkSig ) 44' viscos ity at 1)0OF (4)"C), tihe 'Test Kit I, atd occasional viscosI-

t i',,¢ at 2 10"1 ( 100 0 ) and total acid number (TAN) o; t tsts for mool tor ing till

lubr icants. The other nxi il , oil test kit used wa-- the Kit G.

The, gid, I int's t or o il-chatnge orIterit for the f Ivleet wtre:

Fleets________

Synthet Ic Min eral Syntht it, M ino ra l
I- s t Ira' d Al-t OR,-1. Al.-S l9b-1. Al.- h 9.'. I-i. AI.-bI)9 -1,
tu d ti' I lM Max i iI it Max M i it Max Milt Max
V ts c'os I t v tt

10 I0oF (4 0 it , cSt 40 110 4') 110 60O 1 It 0 120

TAN, max 7.0 7.0 1.0 7.0

rlw veh ic Iv its iog A,-'(ll -I, (mincre I base) lutbricant wa, a 1469 Checke r 12-

pa,15sngr bu,s 1Vtihicle No. 890) and only hid a1 flIt ' r c .tnge btetween 'S Okt o r

I aind 2 Settmbetr 197b. Tl'he blotter spot test nd the T,,t Kit t: d Icated

tha.t the t Il should pos.,;ibly have had ai ftlI ter or oil chatngi, as earlv asx

JItlne I4t). The I litter change wl-x detillt, ev r, tif rod when the procedure was

r,, r ormod because ot water in t it' I ub r I ca nt s as I nd I i te in Tablte B-I and

Figure IB-I of Apptdix It. Vehic Iv, No. 91 uix g flt, other mincrtl-baso, Itibri-

cant w,-t+09S-I. wa .liso it 1 9W) Checke r 12-pasengor bus. This vel ItI had tit

o it lumti' he t w eti 4 )ecebtt, r 11)7') and I .tJama ry 19 1b becatie of high 1 ub r i -

Citnt vi scs It v atnd aga it n et ween I Novemntber 19 lb and l)ecember 1) 7h. ''hi s

1'11tfl},. wis ,lxSO nuild t' 0ut to hItgh lbr ictnt vi scoi tv itill poss Ih v high acId

nmbt r. In tddi t ion, it ,iptpea rs t rom tIle vi .,cos It v ,it 100"F (40 0o) 0 , blot tt, r

s po t tevst anld Texs-t Kit G. tha t thev veI II t nheded .in o ilI or filter chinge in i

AuigNs t or Se opt embeor 1970 andil on b Apr11 1977 is iulc.tted in Table -' H- atd

VIgurIt' ti- t o Appendix It.

Tit vehicle usting Al.~5941-i. synthetic hibricant wts ,a 1071 Chtvro lt t station

wugotia wh i chi nt'-e'd an oil chmge bt'tweetn 4 Novembo' r 19 7h a nd 7 Dte cember 19lb

nl'e .t'aite of high viscostty ant high1 ,c 1t( ntimb.' r. The Ioftter spot test anti the

Tst Kit ,, along with viscosi tv, Indicate, thait tit' vhicl, should have had all

oit or fit ter Change 2 .inh llb (Sve' Tabl' Ii-I ,tul Figurt 1I-1 of Appendix it).

hl+e veh Ic t : its i rig the' othe',r xynt I et Ic hubri calnt Al,-tIRS-l. was Aiso a I 1)73



Chevrolet station wagon and had an oil change due to high viscosity and high

acid number between 11 March 1977 and 8 April 1977. Table B-4 and Figure B-4

in Appendix B show that viscosity, TAN, blotter spot, and Test Kit GC results

indicate that the engine ol should have been changed on 3 November 1976.

The data collected appear to indicate that the kits used were able to de-

termine engine oil quality well enough to indicate oil or filter change.

2. Ft. Carson Test Vehicles

The test vehicles at Ft. Carson, CO included eight M6O tanks. Of these ve-

hicles, one used MIL-L-2104C OE/HDO-30 and seven used MIL-L-46167 (5W/20

Arctic Oil). These vehicles were monitored from September 1977 to January

1978, using the new Test Kit H (dielectric constant), Test Kit A acidity, and

viscosity comparator tests (See Tables B-5 through B-12 of Appendix B).

The new Test Kit II used only one expanded range to cover both mineral and

synthetic lubricants, which made it easier to operate, and has a suggested

safe range of 4.0 or below for mineral-base lubricants and 8.0 or below for

synthetic lubricants. Figure 11 shows a good correlation of ASTM D 445 vis-

cosity at 40*C with the viscosity comparator

kit results when using the synthetic lubri- , .

cant. However, insufficient points ace avail-

able to correlate the viscosity of the OE/

HDO-30 lubricant with the viscosity comparator

kit results. It appears the used oil sample 8

never had a sufficiently high TAN to achieve ai

color change in the acidity kit. As shown in

Tables B-5 through B-7 of Appendix B, the Test

Kit H did quite well with Tanks Nos. B-Il,

HQ-67, and HQ-b8. However, the Test Kit H ex-

perienced problems with Tanks Nos. A-31, A-32, FIGURE 11. ASTM VISCOSITY VS

A-33, A-34, and A-35 when all readings were VISCOSITY COMPARATOR USING M60
TANKS AT FT. CARSON

negative, indicating excessive fuel dilution. These results are shown in

Tables B-8 through 9-12 of Appendix B. In February, it was learned that two

MIL-L-461b7 5W/20 lubricants had been mixed together, thereby resulting in
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negativye readings because tile higher reading AL.-b 739-1. was used ats reference

ind when lower reading AI.-9140-1L was added it dilut ed and lowered thle Kit G

reaiding. Tilt differences between thle two MIl.-L-461 61 lubricants are li sted

be low:

MIL-L-4t6167
Properties AL%6739-l. AL-9 140-i,
V iscos i ty, cSt
at WOO0 F (37. 8C) 24l. 3 35. 1
att 2 10OF (98. () C) h. 1 6.5

Viscosity Index 180 193
TAN 0.22 2.04
ThN 7.8 8.04
Flash Point, *C 244 22)7
'rest Kit G +12.0 0

Even though tilt Test Kit HI did not give usable readings, it did indicate an

aberration with the lubricant or that thle wrong 1 ubrtIclant wits used. This is

furt her illustrated in Talble S where Test Kit H1 read ings are p)resented t or

ftur d if ferent syte clubricants used in the Let torkenny Army Depot and Ft.

Carson fleet tes ts. These oils are, thle first four shown in thle table, and it

is noted thast the two diester p1roducts have significantlyv higher dielec tr ic

cons tant v. 1 nes than thet other two produlcts wh ic are blends of dies ter and

synthet ic hydrocarbons (SHC) . Therefore, nd iscr imat e use of the Test Kit H

int rument without knowledge of the lubricant base' stock compos it ion couild

lead to seriouts error in uised lutbicant condi tion determinat ions.

3. Ft. Sam Houston Test Vehicles

As a result of the work performed with laboratory engines, Let terkenniv Arms'

Depot vehicles, and the M60) tanks at Ft.* Ca rson, it appeared that thle Test K it

11 d ieIc tr ic cons taut and thle Test Kit A acidity and viscosity compatratOr

tests kits shouild be used for tile Ft.* Sam Houston field test.* These test kits

did correlate quite well with ASTM test methods, to evalulate thle utsed engine

oil quality in tile laboratory engines, and thle Letterkennv vehicles.

Since Test Kit Hf correlates reasonably well with ASTM 1) 445 viscosity and

engine wear metalis as shown earliter, it wats felIt that this kit might even

serve as a screening test. Toevaluate this possibility, a number of Mit.-



TABLE 5. EVALUATION OF LUBRICANTS UISING TEs'T KIT H

AFLRLCodeKit 
11

AFLRLCodeDescription Reading~1

Synthetic Base
AL-6739-L, (W~ester) MIL-L-46167 OEA SW/2() +12.0

(off-scale)
AL-5140-L (lDiester/ MIL-L-46167 (WA .5W/20 8.4

Slit Blend)
AL-5941-1. (lDicster) MII.-L-46152 10W/40 +12.0

(off-scale)
AL-6088-L, (Diester/ MIL-L-46152 1OW/30 8.9

S1WC Blend)
Mineral Base

AL-6863-L MIL-L-2104C OE/HI)O-IO 6.2
AL-6)8b4-L MIL-L-2104C 01,III/DO-50 7.4
AL-6865-L MIL-L-2104C Ol/HDO-30 9.8
AL-686b-1, MIL-L-46152 1OW/30 5.7
AL-6867-L, MIL-L-46152 lOW/30 5.9

AL-6868-L, MIL-L-46152 10W/30) 5.8
AL-6869-1, MIL-L-2104C. tw/H1o-1() .9
AL-6870-1L MIL-L-2104C OF/llI)O-50* 6.2
AL-6871-1, MIL-L-46152 10W/30 6.3
A1.-08 72-1, MII.-L-2 104C OF/H1DO-30 9.0

AL-b873-1, MIL-L-2104t' OEIH1DO-_50* 6.1
A]L-t874-i. MIL-L--46152 20W/4L) 6.6
AL-t879-L, MIL-L--46152 10W/30 5.8
AL-687b-1L MIL-L-46152 20W/40 6.4
AL-b877-L MIL-L-461521 20W/40 9.9

AL-6409-L, MIL-L-2104C OF/U1DO-10 (Ref) 6.0
AL-6855-1, MIL-L-2104C OF/HDO-10 6.2
AL-7090-L, MIL-L-2 104C OE/tHDO-3() 6.3

No Code Composite of 18 6.5

* Lubricants were designated its 30 grade lubricant, but kit testing
and ASTM procedures determined to he 50 grade.

(1) Ens trtiment was calibrated to reading of 0.0 with reference
lubricant AL-6409-L.
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L-21G4C and MIl.-L-46152 lubricants were tested with the Test Kit H. The kit

was calibrated to read 6.0 with AL-b409-L serving as the baseline lubricant.

Of 18 mineral-based lubricants evaluated, 16 ranged from 5.7 to 6.9. The

results of these evaluations are shown in Table 5. Only two lubricants had

extreme readings of 7.4 and 9.0, as call been seen in Table 5. Since this

spread was not ideal, the lower reading lubricant. OF/HDO-lO AL-6409-L, was

used so that tle kit would err on the safe side, I.e., indicate a need for an

oil change even though not needed, rather than not indicate a change when an

oil change was needed. Then equal volumes of the 13 lubricants were blended

and a reading of 6.5 was obtained. Also, this kit can detect water In the

amount of I percent.

From March to September of 1978, a total of 04 samples was collected from the

12 vehicles in the program. Tables B-13 through 8-24 of Appendix B Include

analyses of these samples. Of these samples, the Test Kit It indicated that

eight (see Tables B-13, B-14, B-I6, and B-25) needed ani oil change. However,

ASTM test procedures indicated that an oil change was not required for five of

these samples (See Tables B-13 and B-16). The five lubricants that did not

require an oil change according to tile ASTM Method were a Grade 30 and pro-

bably had a higher dielectric constant, such as AL-t872-1, in Table 5. As

shown in Figure 12, four samples had a TAN ot 5.5 to 6.0 with four above 6.0.

On!lY one of the samples, for vehicle G-125, i ndictat ed that it needed changing

because both TAN and TBN were unacceptab! e. This sample was also the only one

for which the acidity test kit Indicated a change. The viscosity comparator

did not indicate any required oil changes, which agreed with tile D 445 vis-

cosity at 40"C. Figure 13 shows a good correlation between the D 445 vis-

cosity at 40*C and the viscosity comparator.

During this program, it was also found that the viscosity comparator can

differentiate among various viscosity grades. Used In this program were
several viscosity grades of lubricants that the comparator was able to iden-

tify as shown In Figure 13. Tile procedure used to distinguish among the "2

lOW/30 and 12 Crade 30 or 20W/40 lubricant samples involved a dual baseline

lubricant system. With each of the oil samples, the OF/liDO-30 lubrleiant was

used as a baseline in the viscosity comparator test. It the metal ball in the

used sample reached the bot tom of the tubte before Its counterpart in the
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reference oil, then a negative number would

result. This negative number indicated either

SM1 W .. shear, dilution or a different grade lubri-

cant. If this negative value occurred, the

-:0.ot, test was repeated, using the lighter weight

... OE/iDO-iO lubricant as the reference oil.

4. AFLRL Field Test Vehicles

7.

The two vehicles involved in the AFLRL field
049000
.00 -t.i' tests were privately owned vehicles, a 1978

. ~i Honda Accord and a 1978 4x4 pickup truck. The

Honda vehicle was driven for 12,000 miles with

FIGURE 13. ASTM VISCOSITY VS a MIL-L-2104 OE/HDO-30 lubricant. Oil samples

VISCOSITY COMPARATOR FOR THE FT. were taken every 3,000 miles and were eval-
SAM HOUSTON ADMINISTRATIVE uated with various ASTM method tests as well

VEHICLE ENGINES

as with the Test Kit H and Test Kit A. The

resultant data are presented in Table B-25 of Appendix B. The lubricant

samples taken from the vehicle appeared to be quite good for 12,000 miles.

However, the pentane insolubles data are considered borderline. Both the Test

Kit H and the ASTM insoluble tests indicate that the lubricant should be

changed. The Ford 4x4 pickup truck was

driven for 7,500 miles using a MIL-L-46152

grade 30 lubricant. Oil samples from the lefto~°'

pickup were analyzed every 2,000 miles.

Using the same ASTM procedures and mobile
24o

test kits discussed earlier, Table B-26 of ,o

Appendix B shows that the correlation among

the kits is quite good. The viscosity L 14,

comparator kit correlates with the D 445 IN0

viscosity at 40*C, while the Kit H (di- -

40

electric constant) indicates that the over-

all oil quality is bad. This finding agrees .-

with the high iron content, high insolubles,

and high acidity as seen in Figure 14. The FIGURE 14. RESULTS FOR VARIOUS
ASTM TESTS OF LUBRICANT SAMPLES

correlation was not quite as good with the FROM THE 4 X 4 PICKUP
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acidity Kit A because it indicated yellow/green which is only borderline,

while the TAN indicates a need for an oil change. Also, the correlation with

lead was not good, but the high lead was probably due to the use of leaded

premium and regular gasolines.

C. Limited Test Kit Evaluations

Several test kits were not evaluated in this program because of information

which indicated that these kits would not work well with the various perfor-

mance-qualified lubricants in the Army supply system. Also, after some pre-

liminary testing, a decision was n:-de to evaluate only the most promising kits

because of the time and economic factors involved. This failure to evaluate

some of the kits does not mean, however, that these kits could not possibly

suit the Army's purpose with some modifications. The test kits which under-

went limited evaluation are briefly discussed in the following subsections.

1. Absorption Viscosity

The Test Kit F was used as the directions indicated by obtaining a drop of

used oil from the test engine's dipstick. However, the drop size from test to

test varied too much and repeatable results could[" not be achieved. As a result, the test procedure

. x ::~ was revised in an attempt to improve the repeat-

, ........ ability. The adjustments in the procedure were

.... (1) to use a small 0.3b in.-diameter wire and (2)
0 0

to ensure that the same density size blotter

paper is used in all tests. Figure 15 and Table

" / * 6 show that the repeatability was improved.
0 Thus, the Kit F shows some promise as a test

because no new lubricant is needed as a baseline
a' for simultaneous testing. The acidity/alkalinity

- ,Y reserve test did not appear to correlate well
0 m' ' 'm with the D 664 TAN and D 2896 TBN as can be seen

- .F PIL T! A s4 )fIo NAll

FIGURE 15. CORRELATION OF in Tables A-3 and A-7 of Appendix A. The oil

ASTM VISCOSITY VS ABSORPTION spot test did provide fair results when deter-
VISCOSITY RATE FOR VARIOUS mining the amount of solids present and the
NIL-L-46152 LUBRICANTS
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TABLE 6. COMPARISON OF VISCOSITY TEST RESULTS

MIL-L-46152 MIL-L-46152 MIL-L-46152
1OW/30 AL-)936-L lOW/30 AL-6095-L Grade 30
Filter ASTM Filter ASTM Filter ASTM

Absorption 1) 445 Absorption D 445 Absorption D 445
Rate, s cSt, 40-C Rate, s cSt, 40*C Rate, s cSt, 400C

370 290.1 1298 124.8 381 128.7
370 58.5 319 69.2 493 148.4
408 74.3 560 124.8 320 166.9
189 83.2 631 112.8 504 166.9
4t8 85.2 851 129.0 422 129.7

'190.1 1298 155.1 128 64.2

330 66.S 1164 244.5
582 102.b

* Could not record a repeatable reading due to 11,)0 in lubricant.

NOTE: Drop size is critical to results of test.-

TABLE 7. COMPARISON OF T'rOTAL ACID NUMBER TEST RESULTS

Vehicle G-13 Vehicle G-125
MIL-L-46 152 MIL-L-46152

ASTM FIELD ASTM FIELD
1) 664 KIT* D 664 Kit

1.72 1.5 2.96 2.6
2.09 2.0 1.82 1.9
2.65 2.4 2.30 2.1
2.5t6 2.2 2.74 2.5
3.10 3.0 3.20 3.4
6.06 6.2 6.88 6.3

Miniature D 974 - Colormetric

34



dispersancy left in the used oil. However, the spot test requires consid-

erable experience to interpret and the blotter spots are hard to maintain.

2. Total Acid Number

This Test Kit .1 is a smaller version of the ASTM D 974 test and has shown good

results when compared to the ASTM D 664 (TAN) test as 'an be seen in Table 7

and Figure 16. However, it was decided not to

use this method because of established problems r
with its use. The color change is in tile .

brownish-green area, a color which many people

have difficulty seeing. In addition, the

colors are usually very dark and require a

l ightbox to see the color change. A

1. Oil Test Kit C

This kit was used for testing a used synthetic I I .L I -I __-j

5W/20 and a used mineral base 10W/30 lubricant .........

ksee Table 8). It was difficult to match tie FIGURE 16. CORRELATION OF
ASTM ACID NUMBER VS FIELD

actual color of reagent/used oil with the color KIT ACID NUMBERS

chart. According to the kit manufacturer, the color concent rat ions on the

chart are for components from an organo-metaLlic oil standard, but the used

,it samples are wear particles and could possibly not respond in the same way

as the standards.

TABLE 8. 011, TEST KIT C EVALUATION

Used Lubricant Synthetic Mineral
Description 5W/20 lOW/30
AFLRL Code AL-7386-L AL-7409-LTest Method AA* KT-l AA KT-l

Metals, ppm
Fe 103 50 LO0 86 50 100
Cu 6 10 5 10
Cr 0 50 5 50
Sn 14 10 12 10

Acid/Base, pil 8.0 h 7.2 6

* Atomic Absorption.



4. Oil Test Kit I

The oil change gauge should be sensitive to both the increase in color (dark-

ness) and the accumulation of particulate matter, both of which contribute to

the increase in optical density (opacity). This technique is limited to

conventional petroleum oils formulated for spark-ignition engine service, and

shotild not be used for diesel and/or synthetic motor oils possibly because the

diesel oil contains soot. Also, a problem arose because the groove and the

-ird backing on which the numbered lines are located for evaluation are not

riidly fastened together. As a result, the depth of oil film in the groove

%,tv vary from gauge to gauge. In the two examples in Table 9, the gauge did

iot accurately predict the oil changes on mineral- and synthetic-based lubri-

ailts.

TABLE 9. OIL TEST KIT I RESULTS

Sample Total Miles/ Vise at Oil-Change
Pate Miles Month 400C Gauge*

Red Lubricant (AL-5889-L) MIL-L-46152, 1OW/20
New Oil Vis at 100*F = 68.5 cSt

1-18-77 68,859 406 64.1 5+
3-10-77 69,890 1031 70.3 4+
4-08-77 70,024 134 73.2 5+
5-06-77 70,385 361 78.1 5+
6-10-77 71,579 I194 73.6 5+

Yellow Lubricant (AL-6095-L) MIL-L-46152, 10W/30
New Oil Vis at 100'F = 77.2 cSt
12-8-77 43,267 573 102.6 3
2-11-77 49,455 1188 1il.2 4+

4-06-77 53,216 2088 236.1 5+
5-06-77 54,800 1584 224.3 5+

6-06-77 55,394 594 1)2.2 5+

* If line 5 is not visible through oil film, oil and filter should

be changed. The plus sign means the number preceded was not visible
and could not be read.

5. Assessment of Past Performance of Test Kit Analyzers

7he Oil Test Kit D and Oil Test Kit E were not physically evaluated in the
(19-21)

,-irrent program because earlier Army evaluations revealed that these
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kits wouild not work when used with a mixed var iety of MII.-L-2 104C and MIL-L.-

46 152 products. A tahulated suimmary of these earl ier resuilts is shown fin

Appendix C.

In reviewing thle tabulated results in Appendix C, the valuies obtained from the

Kit D and Kit E techniques were. compa red against those resuilts reported from

the ASTM procvd tires with the l at tor beinug emplo yed onl a refe ree has is. Using

the condemning use l imi ts recommended by both manufacturers (namely, at 10.0 or

Above for the Kit K, and either an 11 rat ing for Contaminants, yel low rat ing

tor acidity, or 5-percent diluttion for the Kit 1)), a dlispar ity of values

between the two techniques was evident. More spec if ical11y, out of at total (if

14 used oil samples consid~ered "unsatisfactory" by either the Kit 1) or Kit F

te-Chnlqties, 13 were failed by Kit E whereas 7 were fa iled by thle Kit 1). In

reviewing the valid ity of these recommended "failures" with thle ASTM test data

Obtained Onl the individual oil samples, there exists a credibility factor to

he cons ide red. lin several In s tances, the results Obta ined f rom tile ASTM test

m1ethods would not war rant a recommenLi t ion for oil drain.

Soeexp lana tlens for the lack of agreement cited above might be fin Order.

For example, thle blotter spot technique has limited applIicab iliIty considering

t he I increas ing levels of additivye treatment, chainging of metal disporsait /

detergents, upgradilug of performance levels, etc. Thle ic idity techiq(tie. gives

que1st lonah le val ties as only aquieouis acids canl be ext racted. Moreover, with

.,ome of the new succin imide anhydr Ide-d r ived ash less di spe rsan t s, these, tay

he part ially extracted and coulid produce at failinug color change. Thle inl-

tis try-accep ted c ritoeria for condemn lug/moittoring etiIno oil quality has been

dep letion of the al1kal1in ity of thle add itivye package (measu red by Total Base

No. ) .hiweve r, thle ki t's "Test for Acid ity" will not assess this reduict ion inl

TBN. The test for fuel diluition via viscos ity is particularly poor. The tiser

is inst ruc ted to prepare "standard hblends'' uis lg thle respect ive fuel wi th the

noew oil. Two errors arise, here; namely, (1) not all new MII,-L,-2 104C:/MIll-

L-46152 oils will give equiivalenit visicosi ls uinless they are the same formu-

lit ion (Identical OPT, nutmbers) and (2) addition of tie .5 percent of gasol ino,

tonew oil doe's nlot const ittite thle type of ftiel dilhitions which exists In thle

toeWd oil s ince its "compos it ion'' has beeni somewhat a 1te red due, to i thor

vapor iza t Ion or more vol at Ile components or part iLaIT combust Ion Of the NTI
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IV. CONCLUSIONS

Conclusions drawn from this work are as follows:

(1) Based on this work, the Test Kit A Acidity Test/Viscosity Comparator, and

the Test Kit It Dielectric Constant Tester are the best combination of

test kits for determining in-service lubricant condition.

(2) The Test Kit H dielectric constant tends to correlate with overall engine

oil quality when identification of the lubricant is known.

(3) The Test Kit H is a good screening tool (i.e., "go-no go" lubricant

condition) when the lubricant in the engine is known and when used in

conjunction with other test kits.

(4 ) When the lubricants are mixed from the various qualified products, the

Test Kit H can develop a problem, depending on the dielectric constant

spread of the mixed lubricants.

(5) The Test Kit A acidity test appears not to change color or indicate

acidity at a low enough level; but it was ible to determine TAN of 6.9 or

higher. The Test Kit A viscosity compara:.or test correlates quite well

with ASTM D 445 viscosity at 40*C. The comparator reading of 6.5 or more

appears to indicate poor oil and signals that an oil change should he

made.

(6) The Test Kit A viscosity comparator test can differentiate between var-

ious viscosity grades such is Grade 50 and 30, or 10W/30.

(7) The Test Kit I miniature D 974 Colormeteric TAN correlates quite well

with D 664 TAN; but there could be problems In adapting its use to field

conditions (i.e., color definition, lightbox, etc.).

(8) The Test Kit F (filter absorption viscosity) compares favorably with the

1) 445 viscosity at 40C when the exact same filter paper temperature and

oil drop size are used.
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0 More specific used-oil condemning limits should be established for Army-

type operations in both tactical and administrative vehicles.

0 Develop a kit which correlates with Insoluhles.

* An oil quality test kit independent of new oil properties is needed for

situations in which a combinatiton of mi nerjl-based and svnthetic-based

lubricants are in use.
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TABLE A-1. ASTM USED OIL ANALYSES VERSUS TEST KIT G USING

AL-6212-L LUBRICANT

Test No. I Test No. 2
Property New 210 Hr 70 Hr 140 Hr 210 Hr

K. Viscosity, cSt
at 1O0F 121.60 119.8 134.0 139.0 140.20
at 2100F 12.61 12.91 13.33 13.64 13.94

VI 94 109 101 100 102
TAN 3.6 3.47 3.26 3.36 3.46
TBN 5.4 4.43 4.28 3.73 3.79
Metals, ppm

Na 40 62 43 47 47
Cu --- < 50 ...... < 1
Pb --- 2 --- -- 12
Fe <1 110 69 90 91
Sn --- < 1 --- -- < 100

Carbon Residue 1.19 1.77 1.59

Test Kit G 0 2.8 1.6 2.4 2.3
Dielectric Constant
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TABLE A-4. ASTM USED OIL ANALYSES VERSUS MOBILE TEST KITS

USING AL-7062-L LUBRICANT, ENGINE TEST NO. 5

Test Hours

ASTM New 70* 140* 210
Property Method

K. Viscosity, cSt, D 445
at 400C 104.6 111.8 111.0 110.8
at 1000C 11.8 12.5 12.5 12.5

VI D 2270 101 .........

TAN D b64 3.6 3.4 3.2 3.3
T'N D 2896 5.4 5.3 4.9 4.7
Insolubles, wt% D 893

Pentane A 0.05 0.02 0.02 0.03
Benzene A 0.04 0.02 0.01 0.01
Pentane B 0.03 0.30 0.26 0.19
Benzene B 0.02 0.17 0.19 0.15

API Gravity, D 287 27.5 .........

Pour Point, °C D 97 -21 .........

Flash Point, *C D 92 241 243 243 252
Carbon Residue, wt% D 524 1.19 1.65 1.63 1.59
Sulfated Ash, wt% 7) 874 0.93 1.14 1.14 1.12

Elemental Method
Ba, ppm AA Nil .........

Mg, ppm AA Nil ---. ...

Ca, wt% AA 0.24 0.28 0.28 0.30
Zn, wt% AA 0.09 0.11 0.10 0.10
Fe, ppm AA --- 53 59 h0
Pb, ppm AA --- '1 <1 <1

Cu, npm AA --- 11 1 <1

Cr, ppm AA - 1 <1

Mobile Test Kits
Dielectric Constant

(Kit H) 0 1.7 1.6 1.4
Acidity (Kit A) Blue Blue Blue Blue
Vis Comp. Kit A 0 0.3 0.3 0.2

. Not Determined.

AA - Atomic Absorption.
-- Oil drained at 70 and 140 hours.

NI-1A kit checks were also made at 14, 28, 42, 56, 84, 112, 154, 168, 182 and

116 hours with the dielectric constant remaining essentially between the values
of 1.7 and 1.4.
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TABLE A-5. ASTM USED 011, ANALYSES VERSUS MOBILE TEST KITS
USING AL-t6442-L CAN)IDATE SYNTHETIC 1OW/30 LUBRICANT, ENGINE TEST NO. 6

Test Hours
ASTIN New 70 140 210

Property Method

K. Viscosity, cSt, 1) 445
at 400C 61.3 70.1 74.3 75.3

at Woo(,! 10.2 1!.1 11.7 11.8
VI ) 2270 153 151 151 151
TAN D 6t,4 3.7 3.9 4.7 4.7
rBN 13 2896 10.? '.2 9.2 9.2
Tnsolubles, wt% D 8)3
Pentane A 0.09 1.02 0.03 0.03
Benzene A 0.01 0.02 0.0? 0.02
Pentane B 0.09 (1.03 0.03 0.03
Ben.1ene B ().02 0.02 0.03 0.02

API Gravity, 0 1) 287 21.9 21.3 21.2 20.8
Pour Point, oC 1 97 -41 .........

F)lash Point, 0C !) 92 227 220 232 232

Carbon Residue, wt% 1) 524 1.53 1.92 2.08 2.14
Sulfated Ash, wt% 1 74 1.50 1.99 1.67 1.69
Elemental Method

Ba. ppm AA 50---

Mg , ppm AA 11 .........

Ca, wt% AA/XRF 0.38/0.33 0.38 0.41 0.42
.n, wt' AA/SRF 0.18/0.1b 0:.18 0.19 0.19

Na, ppm AA 10 .... ...

Cu, ppm XRF --- 7 6
Cr, ppm AA --- -9< 5 <5

Pb, ppm AA --- 8 12 11

Fe, ppm AA/XRF --- 50/40 57/60 61/60

Mobile Test Kits
Dielectric Constant

(Kit H) 0 1.6 2.1 2.4
Acidity (Kit A) Blue 11titv Blue Blue
Vis Comp. Kit A 0 1. 2.0 2.4

. Not Determined.

AA - Atomic Absorption.
XRF - X-Ray Fluorescence.
Kit H checks were also made at 14, 28, 42, Sb, 84, 112, 12b, 154, 168, 182
and 196 hours with the dielectric constant remaining essentially between the
VA' lies of 1.6 and 2.4.
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TABLE A-8. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING AL-7219-L LUBRICANT, ENGINE TEST NO. 9

Test Hours
ASTM New 70 140 210

Property Method

K. Viscosity, cSt, D 445

at 40 0C 104.6 109.6 114.4 115.8
at 100*C 11.8 12.4 12.8 13.0

VI D 2270 101 104 105 106
TAN D 664 2.1 3.1 3.2 3.2
TBN D 2896 5.2 4.9 4.5 4.1
Insolubles, wt% D 893
Pentane A 0.02 --- -- 0.02
Benzene A 0.02 --- 0.02
Pentane B 0.03 --- -- 0.12

Benzene B 0.02 ----- 0.09
API Gravity, D D 287 27.5 --- 27.5

* Pour Point, °C D 97 -21 .........
Flash Point, *C D 92 241 243 243 243
Carbon Residue, wt% D 524 1.19 1.57 1.71 1.72
Sulfated Ash, wt% D 874 1.00 1.11 1.17 1.18

Elemental Method
Ba, ppm AA Nil ---. ...

Mg, ppm AA Nil
Ca, wt% AA 0.27 0.28 0.31 0.30
Zn, wt% AA 0.10 0.11 0.12 0.11
Cu, ppm AA --- 9 9 10
Cr, ppm AA --- <1 3 4
Pb, ppm AA --- 95 119 103

Fe, ppm XRF/AA --- 60/56 80/72 90/78

Mobile Test Kits
Dielectric Constant

(Kit H) 0 1.4 1.7 1.8
Acidity (Kit A) Blue Blue Blue Blue
Vis Comp. Kit A 0 0.6 1.4 1.6

.... Not Determined
AA - Atomic Absorption
XRF - X-Ray Fluorescence

Kit H checks were also made at 14, 28, 42, 56, 84, 98, 112, 126, 154, 168,
182, and 196 hours with the dielectric constant remaining essentially between
the values of 1.4 and 1.8.
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TABLE A-9. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING AL-6214-L LUBRICANT, ENGINE TEST NO. 10

Test Hours
New 12 24 36 48 54*

Property

K. Viscosity, cSt,

at 40*C 33.8 35.8 36.4 37.4 43.9 49.7

at 1000C 5.7 5.9 6.0 6.1 6.5 7.1

V1
TAN 1.58 1.65 1.61 1.83 4.12 6.41

TBN 5.19 4.64 4.02 3.46 1.42 0.79

Flash Point, *C 218 ... ... ......- 216

Sulfated Ash, wt% 1.14 ... ... ......- 1.40

Carbon Residue, wt% 1.20 ... ... ... ...- 2.05

Iron, ppm --- 45 80 120 175 185

Mobile Test Kits
Dielectric Constint

(Kit H) 0 1.4 2.1 2.6 6.4 9.7

Acidity (Kit A) Blue Blue Blue Blue Green Yellow

Vis Comp. Kit A O 1.9 2.0 2 .2 4.0 5.2

. Not Determined.
Lost Power.
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TABLE A-1O. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING AL-7135-I. CANDIDATE SYNTHETIC LUBRICANT, ENGINE TEST NO. 11

Test Hours

ASTM New 70 140 210
Property Method

K. Viscosity, cSt, D 445
at 400C 67.5 69.6 71.2 71.0
at 1000C 9.96 10.38 10.45 10.52

VI 1) 2270 143 135 133 135
TAN D 664 2.5 3.3 3.5 3.6
TBN 1) 2896 7.9 6.5 4.7 4.b
Itsolubles, wt' 1) 893

Pentane A 0.03 ..--- 0.4
Benzene A 0.01 --- --- 0.26
Pentane H 0.01 --- --- 0.03
Henzene B 0.01 --- --- 0.23

API Gravity, 0 D 287 18.4 ...... 18.0
Pour Point, *C D 97 -34 .........
Flash Point, *C 1) 92 227 263 265 260
Carbon Residue, wt% D 524 1.12 1.57 1.75 1.82
Sulfated Ash, wt% D 874 1.02 1.04 1.05 1.O
Elemaental Method

Ha, ppm AA <50 ---....
Mg, wtZ AA 0.08 .........
Ca, wt% XRF 0.09 0.08 0.09 0.09
Zn, wt% AA 0.13 0.11 0.115 0.115
Na, ppm AA < 10 ---.....

Cu, ppm AA --- '1 <1 '.1
Cr, ppm AA --- <1 '1 .I
Pb, ppm AA --- 7 12 16
Fe, ppm AA --- 53 74 87

Mobile Test Kits
Dielectric Constant

(Kit H1) 0 0.2 1.7 2.1
Acidity (Kit A) Blue Blue Blue Blue
Vis Comp. Kit A 0 0.) 1.4 1.7

. Not Determined.
AA - Atomic Absorption.

XRF - X-Ray Fluorescence.
Kit H checks were also made at 14, 28, 42, 56, 84, 98, 112, 126, 154. 168,
182, and 196 hours with the dielectric constant rem.aining essentially between
the values of 0.2 and 2.1.
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TABLE A-12. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USINC" AL-7287-L LUBRICANT, ENGINE TEST NO. 13

Test Hours
ASTM New 70 140 210

Property Method

K. Viscosity, eSt, 1) 445
at 400C 103.3 126.6 134.0 130.0
at 100 0 C 11.4 13.1 113.7 13.9

VI 1) 2270 ()6 96 97 98
TAN D 664 2.2 3. b 3.9 4.4
'rBN ) 2896 13.7 12.8 13.2 12. 1
Insolubles, wt' D 893

Pentane A --- --- --- 0.07
Benzene A --- 0.06
Pentane B ...... 0.08
Benzene B ---.--- 0.07

API Gravity, D D 287 25.5 ---. 24.2
Pour Point, t ) 97 -21 .........
Flash Point, *C i) 92" 27 241 241 241
Carbon Residue, wt% 1) 524 1.82 2.74 2.69 2.41
Sulfated Ash, wt% 1) 874 l.h3 I . 2.08 2.1
I l ement a Method

Ba, ppm AA "- 50
Mg, ppm AA 20 .........
Ca, wt't AA 0.40 0.10 0.12 O.S4
.n, wt% AA 0.14 0.14 0.17 0.18

Na, ppm AA 620 .........
CtiI ppm AA --- 5 6 6
Cr, ppm AA --- 3 4 5
Pb, ppm AA --- 6 6 8
Fe, ppm XRF/AA --- 52/9, 8S/75 85/82

P, wt% XRF 0.11 ---
S, wt% XRF 0.43

Mobile Test Kits
Dielectric Constant

(Kit H) 0 2.1 2.2 2.4
Acidity (Kit A) --- Itue Blue BIur,
Vis Comp. Kit A 0 2.4 2.7 2.8

. Not Determined.
AA - Atomic Absorption.
XRF - X-Ray Fluorescence.
Kit H checks were also made at 14, 28. 42, s9, 84, )8. 112. 12t, 154, 168,
142, and 146 hotirs with the dielectric constant remnaliing essentially between
the values of 2.1 and 2.4.
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TABLE A-14. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING AL-7326-L LUBRICANT, ENGINE TEST NO. 15

Test Hours

ASTM New 70 140 210
Property Method

K. Viscosity, eSt, D 445
at 400C 106.0 117.6 120.9 122.2
at 1o0°C 11.8 12.5 13.0 13.0

VI 1) 2270 99 98 100 100
TAN D 664 2.0 3.3 3.6 5.4
ThN D 28% 10.7 10.0 10.2 10.2
Insolubles, wt% D 893

Pentane A .........- 0.12
Benzene A .........- 0.05
Pentane B 0-- 0.55
Benzene B .........- 0.41

API Gravity, D 287 27.8 --- 27.2
Pour Point, °C D 97 15 .........
Flash Point, *C D 92 246 --- 254
Carbon Residue, wt% D 524 1.28 1.67 1.82 1.92
Sulfated Ash, wt% 1 874 1.41 1.65 1.68 1.71
Elemental Method

Ka, ppm AA <25 .........
Mg, ppm AA 9 .........
Ci, wt% AA 0.35 0.41 0.40 0.44
Zn, wt% AA 0.14 0.13 0.14 0.15
Na, ppm AA 12 .........
Cu, ppm AA --- 3 4 4
Cr, ppm AA --- 2 2 2
Pb, ppm AA --- 6 4 5
Fe, ppm AA --- 27 35 39

Mobile Test Kits
Dielectric Constant

(Kit H) 0 1.6 1.8 2.1
Acidity (Kit A) Blue Blue Blue Blue
Vis Cump. Kit A 0 1.9 3.4 3.8

--. Not Determined.
AA - Atomic Absorption.
Kit H checks were also made at 14, 28, 42, 56, 84, 98, 112, 126, 154, 168,
1,2, and 196 hours with the dielectric constant remaining essentially between
the values of 1.6 and 2. 1.
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TABLF A-15. ASTM USED) OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING Al-6950-1. LUBRICANT, ENGINE TEST NO. lb

loest Hlours
ASTM New 70 140 210

Property Method

K. Viscosity, eSt, 1) 445
d 4OoC 9.67 i5.00 58.85 00

aut 1000C 10.96 t).68 10.03 10.01
VI 1) 2-270 178 15 S 198 15S3
TAN 1) 664 2.0 .3 21.5 21.8
r8N 1) 284t 4.8 313.4 4.2
Ins"olubles, WO, 1) 83

lextan' A --- --- --- 0.08
Atctirnn A --- --- --- 0.121

Pentant, B (). 0- r- 00

Bel!ll - --- --- 0.10

API G~ravitY, *1) 2 87 2Q.1 ----- 217.1
Pour Point, *C 1) 97 -30-- ---

Flash Point, 0C 1) 921 226- -22/ 227 232
Carbon Residue, wt'. P 524 0.956 1 . lo' 1.64 1.74

Su ftd sh )' 874 0.73 O.8Is 0.95 1.0o

2-71me'ntai1 Method
lia ppm AA 400-- -

'Nz pipm AA 5- -- -- -

Ca. wtz AA 0120 0.2 0.26 0.26
w wt' NA 0).Oq 0. 11 0. 11 0. 11

(tppm AA --- 9) 6

C r, ppim VA --- 9) 941

Ph.,Ippm AA --- ' 4 1
Fe, ppm AA/XRF o- r2/8 0 103/136 114/14()
S. wtt XRF --- --

Mobile Test Kits
ieleetric Constant

(Kit 11) 0 21. 1 2.72.
AcW-' v (Kit A) Blue 1lit, Blue Blue
Vis Comp. Kit A 0 1.4 3.0 3.0

--- Not Determined
AA - Atomic Absorption
XRF - X-Ray Fluorescence
Kit H checksi were also nuidi att 14. 28, 42, 50, 84, 98, 1 12, 126, IS4, 168,
14~.' , and 196 Ilol:rs with the die le t r Ic cons tant remoining essent ia lly between
C~ie valies of 2.1 and 2. 7.
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TABLE A-16. ASTM USED OIL ANALYSES VERSUS VARIOUS MOBILE TEST KITS
USING AL-6739-L LUBRICANT, ENGINE TEST NO. 17

Test Hours

ASTM New 70 140 210

Property Method

K. Viscosity, cSt, D 445
at 400C 26.76 30.28 31.37 31.72
at 100 0C 5.97 6.66 6.83 6.94

VI 1) 2270 179 186 186 189
TAN D 664 0.3 0.4 0.4 0.5
TBN D 2896 6.3 4.3 4.8 4.3
TIsolubles, wt% D 893
Pentane A .........- 0.49
Benzene A .........- 0.45
Pentane B .........- 0.73
Benzene B ........ 0.62

API Gravity, D D 287 21.1 --- 20.0
Flash Point, *C D 92 249 249 249 246
Carbon Residue, wt% D 524 1.48 2.03 2.31 2.50
Sulfated Ash, wt% D 874 1.55 1.78 1.80 1.94
E lemental Method

Ba, ppm AA 950 .........
Mg, ppm AA 1 .........
Ca, wt% AA 9 ---. ...

Zn, wt% AA 4 .........
P, wt% Mod. oronite 0.01 .........
S, wt% XRF 0.02 .........
Fe, ppm AA/XRR --- 40/30 68/57 83/64
Cu, ppm AA --- 3 4 6
Cr, ppm AA --- 2 3 5
Pb, ppm AA --- 6 1 4

Mobile Test Kits
Dielectric Constant

(Kit H) 0 1.5 2.6 2.7
Acidity (Kit A) Blue Blue Blue Blue
Vis Comp. Kit A 0 2.6 3.5 3.5

--- - Not Determined
AA = Atomic Absorption
XRF - X-Ray Fluorescence
Kit H checks were also made at 14, 28, 42, 56, 84, 98, 112, 126, 154, 168,
13, and 196 hours with the dielectric constant remaining essentially between
the values of 1.5 and 2.7.
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TABLE 9-1. VEHICLE 890 - AL-5936-L MIL-L-46152 1OW/30

Sample Miles/ K. Viscosity D 664 Kit G
Date Month at 100 F at 210OF TAN (Range 1)**

10-2-75 1151 67.1 10.05 2.84 0

11-3-75 1871 73.3 10.51 2.3
12-5-75 1529 74.5 10.75 2.9

1-20-76 560 74.3 3.2

2-11-76 1116 3.5

3-2-76 725 3.7

4-5-76 1377 83.2 3.8

5-11-76 947 81.3 3.8
6-3-76 192 85.2 4.0

7-6-76 24 73.6 3.8

8-3-76 2 4.1

9-2-76* 24 290.1 - Water in Oil - Off-Scale

10-5-76 1239 66.5 2.51 3.0

11-1-76 0 66.5 2.45 3.0
12-8-76 Transmission Repair

1-18-77 406 64.1 3.7
2-8-77 991 80.6 2.3

3-10-77 40 70.3 1.8

4-8-77 134 2.0
5-6-77 361 2.8

* Filter Change.

** 4.0 is safe rejection zone.
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TABLE B-2. VEHICLE 891 - AL-609S-L MIL-L-46152 1OW/30

Sample Miles/ K. Viscosity D 664 Kit C
Date Month at lO0'F at 210OF TAN (Range 1)**

10-1-75 2206 98.9 13.7 3.0 0
11-4-75 1571 124.8 15.8 3.58 3.8
12-4-75* 1881 137.9 17.0 4.0
1-12-76 2308 108.0 14.7 3.0
2-6-76 1022 112.8 3.4

3-4-76 0 3.4
4-6-76 0 99.1 3.6
S-12-76 260 3.0
6-1-76 1437 3.2
7-1-76 1417 155.0 3.7

8-2-76 616 155.1 3.9
9-1-76 1465 168.9 4.0
10-8-7b 1558 222.0 5.39 4.5
11-1-76* 2348 244.5 24.9 6.99 4.7
12-8-76 573 102.6 3.70 2.6

1-18-77 883 3.4
2-11-77 305 131.2 3.6
3-8-77 1673 3.8
!4-6-77 2088 236.1 4.6

* oil Change.

** 4.00 is safe rejection zone.
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TABLE B-3. VEHICLE 289 AL-5941-L MIL-L-46152 SYNTHETIC 10W/40

Sample Miles! K. Viscosity D 664 Kit G
Date Month at WOOF at 210OF TAN (Range 2)**

10-3-75 1839 78.8 12.8 2.84 0
11-3-75 2648 1.6
12-5-75 965 1.7
1-20-76 1902 89.4 2.0
2-9-76 1823 104.1 2.2

3-9-7b 846 2.9
4-2-76 1585 118.2 3.75
5-4-76 1639 -
6-2-76 2642 139.2 6.0
7-7-76 1305 163.5 7.5

8-3-76 662 161.7 8.0
9-8-76 1490 166.2 8.8
10-7-76 1356 175.3 7.57 8.1
11-~476* 664 173.7 7.99 8.6
12-7-76 523 83.1 2.84 1.8

1-13-77 1288 3.6
2-11-77 726 113.3 4.6
3-11-77 557 4.8
4-7-77 698 114.2 4.7

*Oil Change.
*6.00 is safe rejection zone.
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TABIE H-4. VEHICLE 291 AL-6088-L MIL-L-46152 SYNTHETIC IOW/30

Sample Miles/ K. Viscosity 1) 6(4 Kit C
Date Month at 100OF at 210'F TAN (Range 2)**

10-6-75 2034 63.2 10.6 2.38 2.4
11-5-75 1863 6Q.3 11.3 2.7
12-4-75 630 2.6
1-15-76 2293 61.96 2.7
.-1 1-7t 1488 7. 6 4 .(1

3-10-7ti 1338 4.4
4-f6-76 21/1 87.1 4.7
5-9-76 1009
0-3-76 1024
7-6-70 1704 105.5 5.7

8-3-76 1417
0-3-7 977 92.3 4.8
10-0-76 1873 110.0 O.S4 9.9
11-3-76 839 113.3 7.08 (.5
1'- -76 Off Post

1-12-77 40q 125.7 7.2
2-8-77 936 158.4 9.13 7.S
I-I -77* 186) 156.4 8.0

4-8-77 842 59.8 2.1

* Oil Change.
** 6.00 is safe rejection zone.
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TABLE B-5. M60A1 ENGINE Oil PILOT FIELD TEST
(Tank No. B-11*, MIL-L-2104C OE/HDO-30)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan lq78

Properties New AL-7207-L AL-7259-L

K. Viscosity, cSt
at 400C 120.0 141.0 131.7
at 1000C 11.9 14.8 14.1

VI 96 104 105
'rAN 1.98 2.16 2.47
TBN 12.0 8.25 7.61
Flash Point, *C 244 230 207

Metals, ppm

XRF (Filter)
Fe 43 103
Pb < so

0.)Cu 20 0. 23
Sn <50 <50
Cr 4J '10 )< 10

04-
Mo z o50 C '-50

1 :?,Si 42 81
l 36 93

AA
Fe 65 145
Pb 10

Mobile Test Kits
Dielectric Cons. Kit H 0 2.1 2.0
Acidity Kit A Blue Blue Blue
Vis Comp. Kit A 0 2.6 2.9

Tank No. Originally HQ-66
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TABLE B-6. M6OAI ENGINE OIL PILOT FIELD TEST
(Tank No. HQ-67, MIL-L-46167 5W/20)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7200-L AL-7214-L AL-7228-L

K. Viscosity, cSt

at 40"C 29.3 34.7 34.1 33.4
at 100°C 6.1 8.3 7.b 7.3

VI 185 226 199 192
'rAN 0.22 0.71 0.63 0.74
rBN 7.8 7.49 7.46 6.90
Flash Point, *C 244 240 241 232

Metals, ppm

XRF (Filter)
Fe 81 72 89
Pb "-50 <50 < 50
Cu 127 104 124

Sn <50 '50 < 50 "
(Cr 10 <10 < 10
Po 50 -:50 <50

S i '29 1-) 27

\1 40 40 64

AA
Fe 100 82 97
Pb

Mobile Test Kits
Dielectric Cons. Kit H 0 2.5 2.3 1.8
Acidity Kit A Blue Blue Blue Blue
Vis Comp. Kit A 0 2.6 3.2 2.8



TABLE B-7. M60AI ENGINE OIL PILOT FIELD TEST
(Tank No. HQ-68, MIL-L-46167 SW/20)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7201-L AL-1208-L AL-7229-L AL-7260-L*

K. Viscosity, cSt
at 400C 29.3 31.1 30.1 30.0 29.2
at IO0°C 6.1 7.3 6.8 6.6 6.4

VI 185 213 193 183 182
TAN 0.22 0.55 0.61 0.74 0.88
TBN 7.8 8.09 7.93 7.72 7.89
Flash Point, *C 244 246 241 232 224

Metals, ppm
XRF (Filter)
Fe 155 122 123 189
Pb <50 <50 < 50 < 50
Cu 54 43 50 32
Sn < 50 <50 < 50 < 50
Cr < 10 <10 < 10 < 10
Mo < 50 <50 < 50 110
Si 105 85 110 139
Al 102 78 108 129

AA
Fe 138 130 154 227
Pb 44

Mobile Test Kits
Dielectric Cons. Kit H 0 3.8 3.1 3.9 -4.6
Acidity Kit A Blue Blue Blue Blue Blue
Vis Comp. Kit A 0 2.4 2.6 1.8 1.6

* A lubricant prepared by Conoco was added in January 1978.
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TABLE B-8. M6OAI ENGINE OIL PILOT FIELD TEST
(Tank No. A-31, MIL-L-46167, 5W/20*)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7202-L AL-7209-L AL-7230-L AL-7261-L

K. Viscosity, cS

at 40*C 29.3 38.7 38.6 37.1 37.8

at 1000C 6.1 7.5 7.4 7.7 7.4

V1 180 164 163 182 167

TAN 0.22 0.95 0.98 0.79 1.07

TBN 7.8 8.85 8.55 8.32 8.68

Flash Point, *C 244 238 246 235 227

Metals, ppm

XRF (Filter)
Fe 89 140 122 154

Pb < 50 50 < 50 < 50

Cu 41 52 54 50

Sn <50 , 50 <50 <50

Cr < 10 < 10 < 10 < 10

Mo < 50 < 50 110 < 50
Si 94 135 198 218
Al 104 143 200 220

AA
Fe 138 157 150 206

Pb 50

Mobile Test Kits
Dielectric Cons. Kit H 0 -10.2 -9.6 -9.4 -9.1

Acidity Kit A Blue Blue Blue Blue Blue

Vis Comp. Kit A 0 4.2 4.2 4.8 4.2

* Was a mixture of two APG PD-1 products, thereby giving the negative reading

on the dielectric constant.
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TABLE B-9. M6OAI ENGINE OIL PILOT FIELD TEST
(Tank No. A-32, MIL-L-46167, 5W/20*)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7202-L AL-7209-L AL-7230-L AL-7261 -L

K. Viscosity, cS
at 40"C 29.3 49.2
at 1000C 6.1 8.7

VI I80 157
rAN 0.2 2 1.11 .4
rBN 7.8 9.18 0

Flash Point, *C 244 240 CU o U Li

Metals, ppm r: r X

KRF (Filter) OIL,

Fe 179 WV

Pb 50 W 0 I 0

'u 24 n

Sn 50
Cr 10 O "
No 50 r 0r
Si 385 _ ox.v

Al 344 IV
(VLi m

AA 0a
Fe 219
Pb

Mobile Test Kits
Dielectric Cons. Kit H 0 +(-12.0)
Acidity Kit A Blue Blue
Vis Comp. Kit A 0 b.2

• Was a mixture of two APC PDl1 products, thereby giving the negative reading

on the dielectric constant.
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TABLE B-1O. M60AI ENGINE OIL PILOT FIELD TEST
(Tank No. A-33, MIL-L-46167, 5W/20*)

15 Sept To

15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7202-L AL-7209-L AL-7230-L AL-7261-L

K. Viscosity, cSt
at 400C 29.3 54.3 52.6 51.5 44.2
at 100*C 6.1 10.0 9.4 9.6 8.3

VI 180 168 164 174 167
TAN 0.22 1.50 1.61 1.73 1.62
TBN 7.8 8.36 8.36 7.61 8.12
Flash Point, *C 244 235 235 210 204

Metals, ppm
XRF (Filter)
Fe 70 63 76 57
Pb <50 --50 <50 -50
Cu 33 20 46 46
Sn <50 <50 <50 <50
Cr <10 <10 <10 <10
Mo <50 <50 <50 <50
Si 12 10 21 45
Al 46 33 68 60

AA
Fe 110 130 106 Ill
Pb 59

Mobile Test Kits
Dielectric Cons. Kit H 0 +(-12) +(-12) +(-12) +(-12)
Acidity Kit A Blue Blue Blue Blue Blue
Vis Comp. Kit A 0 6.4 6.4 6.4 5.4

* Was a mixture of two APG PD-1 products, thereby giving the negative reading

on the dielectric constant.
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TABLE B-1I. M6OAI ENGINE OIL PILOT FIELD TEST
(Tank No. A-34, MIL-L-46167, 5W/20*)

15 Sept To
15 Nov 1977 30 Nov 1977 Dec 1977 Jan 1978

Properties New AL-7202-L AL-7209-L AL-7230-L AL-7261-L

K. Viscosity, cSt
at 40"C 29.3 65.3 65.3 56.5 37.5
at 1000C 6.1 10.9 10.6 10.0 7.3

VI 180 159 153 165 161
TAN 0.22 1.23 1.21 1.21 0.85
TBN 7.8 9.45 9.96 9.30 9.02
Flash Point, *C 244 252 255 238 232

Metals, ppm
XRF (Filter)
Fe 389 261 222 410
Pb <50 ':50 <50
Cu 38 26 19 39
Sn <50 <50 '.50 <50
Cr '10 <10 <10 <10
Mo <50 <50 <50 <50
Si 792 624 442 585
Al 590 518 316 480

AA
Fe 296 279 287 375
Pb 59

Mobile Test Kits
Dielectric Cons. Kit H 0 +(-12) +(-12) +(-12) +(-12)
*cidity Kit A Blue Blue Blue Blue Blue
Vis Comp. Kit A 0 8.0 8.6 7.0 4.2

* Was a mixture of two APG PD-I products, thereby giving the negative reading

on the dielectric constant.
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TAHI.E R-12. M6OAI ENCINE 011, PILOT FIELD TFS'r
(Tank No. A-3S, MII-L-46167, SW/20*)

1) Sept To
IS Nov 1977 30 Nov 1177 Dec 1977 Jin 1978

Propert ies New AL-7202-L AL-7209-L AL-7230-1. AL-7261--

\. Viscosity, cSt
It 400 t 29.3 tQ.O 40.S 37. 30.3
It IOO0C 6.1 7.5 7.7 7.5 7.1

VI1 8,0 l 1 161 171 170
F'AN 0.2- 0.69 0. 90 I.00 I.04
VRN 7.8 8.16 8.42 7.99 8.17
VU0h1 Poilt, C244 143 2S? 2 27 229

SI, ppil
XRF (Filtr)
F1, , 21 14 1314
2'h ' S1 00 50

So 67 58 b2
n SO So S-O (O

C.10 10 1~0 1
o So' - 0 50

st 75 80 86 117
.\I 13 11,1 148 204

-\A.

F10 2-4 21 t)
P 1 43

'lobile Test Kits
Piloctrle Cons. Kit 11 0 -b.0 -8.0 -b.9 -7.0

,'widitv Kit ..\ Hitte b1e 1lue lue itLe
\is Comp. Kit ,- 0 4.(, 4. o 3.o 3.,8

W eas , mixture of two APG P11-1 products, therby giving the inegative readiig
on the dielectric constaint.
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'rABIE B-13. FT. SAM HOUSTON FLEET TEST USING
MIL-L-4M192 10W/30 AND GRADE 30 OR 20W/40

(1973 Chevrolet Sedan - A2()

26 Apr 78 31 May 78 b July 78 9 Aug 73 14 Sept 78*
Properties AL-74 !1-L AL-7457-L AL-/605-L AL-7666-L AL-7731-L

K. Viscosity, cSt
at 400 C 123.7 148.4 166.9 129.7 64.2
at O0°C 12.2 13.3 14.2 13.0 9.6

VI 132 80 79 93 130
FAN 3.46 3.57 4.33 4.07 5.47

.N 8.95 ,4. 79 4.98 7.14 7.24
Vlash Point, 0C 232 227 232 204 204
Pent.lne Insol , wt% 0.o10 0.63 1.hO 1.72 0.03

(wlcoag)
lBt,:'ive Insol, wt% 0.06 0.23 0.70 0.62 0.05

(W 'clag)

M'tals. ppm
AA
F0" 27 28 42 21 17
Ph 54 78 112 170 47

Ci" 2 2 2 1
11 < <9 <9

C r <1 2 2 2 1
Si 4 <1 10 to5 

N 1 31 7 "-5 '5

M i l eage 440 1376 1171 1287 1063

Mobil, 'rest Kits
D)ielectric ('ons. Kit H 4.' 5.3 5.8 5.6 2.5
,\ciditv Kit A Blue Blue Blue Blue Blue
Vis Comp. Kit A 8.h(3.0)** t(4. 8) 9.8(5.7) 8.6(3.4) 4.2

* Oi! was drained on 14 Aug 178

** Tht, numbers in pa rentheses used OF/11DO-'30 as baseline.
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TABLE B-14. FT. SAM HOUSTON FLEET TEST USING
MIL-L-46152 10W/30 AND GRADE 30 OR 20W/40

(1972 Ford Sedan - A40)

26 Apr 78 31 May 78* 6 July 78 9 Aug 78 14 Sept 78

Properties AL-7409-L AL-7458-L AL-7606-L AL-7667-L AL-7732-L

K. Viscosity, cSt
at 409C 113.3 65.5 71.2 67.7 b9.4

at 1000C 13.5 9.8 10.3 9.9 10.0

VI 117 131 129 130 127

rAN 5.54 2.67 2.38 3.29 6.47

TBN 6.09 4.84 2.82 4.79 3.48

Flash Point, *C 227 227 238 218 193

Pentane Insol, wt% 4.19 0.07 0.44 0.55 1.14

(w/coag)
Benzene Insol, wt% 1.84 0.05 0.21 0.19 0.18

(w/coag)

Metals, ppm
AA

Fe 36 17 23 23 31

Pb t)127 1049 1759 813 830

Cu 5 2 2 2 2

S1 12 < I <1 < 5 -9

Cr 5 2 3 3 3
Si 16 < 1 <7 < 55

Al 9 1 4 < 5 <5

MIleage 1090 919 1014 605 610

Mobile Test Kits

Dielectric Cons. Kit H 4.1 1.7 1.8 1.9 2.4

Aciditv Kit A Blue Blue Blue Blue Blue

Vis Comp. Kit A 7.8(2.0)** 5.5 5.2 3.8 4.4

Oil was drained on 4 May 1978.

** The numbers in parentheses used OE/HDO-30 as baseline.
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TABLE B-15. FT. SAM HOUSTON FLEET TEST USING

MIL-L-46152 1OW/30
(1972 Ford Sedan - A79)

26 Apr 78 31 May 78 6 July 78 9 Aug 78* 14 Sept 78

Properties AL-7407-L AL-7459-L AL-7607-L AL-7668-L AL-7733-L

K.Viscosity, cSt
at 40°C 62.1 66.9 76.1 64.0 59.7

at 100 0C 9.5 9.9 10.7 9.8 9.4

VI 133 131 127 135 138
TAN 3.07 4.41 4.02 2.75 4.36
TBN 7.73 5.96 5.84 7.97 7.26

Flash Point, *C 221 227 235 202 204
Pentane Insol, wt% 0.06 0.99 1.58 0.04 0.04

(w/coag)
Benzene Insol, wt% 0.04 0.33 0.81 0.03 0.04

(w/coag)

Metals, ppm
AA
Fe 24 26 34 8 10
Pb 340 1380 1189 270 79
Cu < I 2 1 1 1
Sn <I <I <I <5 < 5

< 1 2 3 < 1 < 1
Si 3 - I10 < 5 19

Al <5 2 4 <5 <5

Mlileage 489 1220 1081 558 474

Mobile Test Kits
Dielectric Cons. Kit H 1.9 3.1 3.4 2.0 2.1

Acidity Kit A Blue Blue Blue Blue Blue

Vis Comp. Kit A 5.2 5.6 5.3 3.8 3.5

Oil was drained on 8 Aug 1978
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TABLE B-16. FT. SAM HOUSTON FILEET TEST USING
MIL-L-46152 10W/30 AND GRADE 30 OR 20W/40

(1973 Chevrolet Sedan - A102)

26 Apr 78 31 May 78 6 July 78 9 Aug 78 14 Sept 78*
Properties AL-7408-L AL-7460-L AL-7b08-L AL-7bb9-1 AL-7734-1

K. Viscosity, cSt
at 40°C 100.1 106.9 104.9 138.5 67.8
it 1000C 10.6 11.0 11.3 13.4 9.1

VI 8t 8b 93 go 11)
TAN 2.56 3.01 2.90 4.5b 4.47
TBN 8.95 7.01 7.82 7.14 7.51
Flash Point, *C 229 243 227 199 213
Pentane Insol, wt% 0.0b 0.03 0.16 0.84 0.05

(w/coag)
Bei.ene Insol, wt% 0.05 0.01 0.07 0.67 0.05

(w/coag)

Metals, ppm
AA
Fe 19 16 21 25 16
Pb 848 929 1051 7375 1294
Cu < 1 1 1 - 1
Sn "1< 1 -1 5 5
Cr 1 1 2 4 1
Si 14 'a 10 '5 85
\ ' 5 3 4 9 < 5

M i l eage 357 380 209 2268 398

Mobile Test Kits
Dielectric Cons. Kit H 3.9 4.5 4.7 5.2 2.3
Acidity Kit A Blue Blue Blue Blue Blue
Vis Comp. Kit A 7.1(0.8)** 7.4(1.7) 7.2(1.2) 8.8(3.7) 5.1

* Oil was drained on 8 Sept 1978.

** The numbers in parentheses used OE/HPO-30 as baseline.
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TABLE B-17. FT. SAM HOUSTON FLEET TEST USING

MIL-L-46152 10W/30
(1977 AMC Sedan - A716)

26 Apr 78 31 May 78 6 July 78 9 Aug 78 14 Sept 78

Properties AL-7410-L AL-7461-L AL-7609-L AL-7670-L AL-7735-L

K. Viscosity, cSt
at 40°C 59.8 62.9 62.9 58.0 56.2

at 1000C 9.0 9.2 9.3 8.9 8.6

VI 129 124 127 130 128

TAN 3.24 3.21 3.36 2.79 6.12

THN 8.00 5.68 6.28 8.24 6.42

Flash Point, 0C 216 235 227 163 191
Pentane insol, wt% 0.09 0.16 0.11 0.08 0.03

kw/coag)
Bvnzenet Insol, wt% 0.07 0.14 0.05 0.03 0.02

(w/coag)

Metals, ppm
\AA

pe 43 32 39 18 45

(:u 6 5 4 5 5

Sn < 1 < 1 5 <5 < 5
k:r <1 2 21 1 2

1h <1 12 15 12

A1 11 6 7 8 8

i leage 1217 392 576 317 211

Mobile Test Kits
Dielectric Cons. Kit 11 2.0 3.2 3.3 3.4 3.6

Acidity Kit A Blue Blue Blue Blue Blue

Vi. Comp. Kit A 3.8 5.0 4.6 3.6 3.2
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TABLE B-iS. FT SAM HOUSTON FLEET TEST USING
MIL-L-46152 1OW/30

(1975 Ford Station Wagon - E502)

28 Mar 78 2b Apr 78 31 May 78 6 July 78 9 Aug 78* 14 Sept 78
Properties AL-7362-L AL-7405-L AL-7462-L AL-7610-L AL-7671-I, AL-7736-L

K. Viscosity, cSt
at 40 0 C 66.3 66.8 73.5 77.9 63.3 62.5
at 100 0 C 9.9 9.8 10.9 10.b 9.7 ().5

VI 132 129 137 121 135 133
TAN 2.71 3.46 4.00 3.41 3.03 5.05
TBN 8.00 8.00 7.39 6.90 7.38 7.23
Flash Point, 'C 204 199 227 235 1Q1 218
Pent;ane Insol, wt' 0.08 0.15 0.19 0.46 0.08 0.04

(w/coag)

l ,enz,,e Insol, wt% 0.05 0.10 0.05 0.24 0.04 0.02
(w/coag)

Metails, ppm
AA

Ft 48 61 74 72 14 22
Ph 30 53 44 43 15 24
Cu 4 4 5 4 2 2
Sn - 3 " "1 1 < 5 )
Cr 1 4 7 7 1 1
Si 10 7 <1 11 ' 5
,At 5 4 45

Mi I L.Ltgo I b80 532 1133 69!5 658 233

lhilo Test Kits
Dielectric Cons. Kit tl 1.9 2.0 3.3 3.8 2.1 2.3
Acidity Kit A Blue Blue Blue Blue Blue BluR e
Vis Comp. Kit A 4.9 4.6 6.6 6.2 4.0 3.9

Oil was drained on 4 Aug 1978
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TABIJ: B-19. FT. SAM HOUSTON FLI:fT TEST USING

!I L-L-46152 1OW/30 AND (RAI)F '3( OR 20W/40
(1975 Ford Station Wagon - E503)

28 Mar 78 26 Apr 78 '31 May '1 6 July 78* 9 Aug 71 14 Sept 73

Propc rt ies AI.-7368-I. AL-7406-L AL-7463-I. AL-7672-L AL-7 7 37-L

. Viscosity, cSt
,it 40 9 ( b1.6 17.7 69.4 106.7 1l . 1
at 110(( 9.3 9.0 10.0 11.9 1

VI 1) 1 51 126 100 (9

FAN 2.84 2.95 4.0 2.21 4.77

Vi, 7.04 t).34 3.62 10.42 1. 33

!lash Point, °( 10 2l.7 177 177 22()

Io.ntan,. Insol, wt 0.69 0.11 0.27 0.09 0.05
(w/coag)

}icnizIc lInsol wt 0.05 0.08 0.0 0.08 0.01

On TOIY,
v..t~ls, lplnnot

A A sail led.
,,. 28 41 40 27 5 7

19 1t 1i 21 4 3

Tl I
): . 1 *3 3 3

; I 1 C 5 •

r 112 2
I I 1 5

*3 5 4 11

H1 o Igo 109 1 706 1269 4386 39L

Ioh i Ir Test Kits
ii'ioctric Cons. Kit H 1 1.7 1.S 2.9 2.3 2.f

\C ilitv Kit A Bluti Blue Bue Blue Blue
Vi5 t: ,np. Kit A 4.2 3.8 6.4 7.5(0.4)** 7.9(1.7)

* Apparent lv dra intd wh i le on T'I)Y.

* * Th numbers in parentheses used 01/tIDO-30 as base line.
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TABLE B-20. FT. SAM HOUSTON FlEET TEST USING

MIL-L-46152 IOW/30

(197? Chevrolet Pickup - (.13)

28 Mar 78 26 Apr 78 31 May 78 6 July 78 9 Aug 78 14 Sept 78
l'rope rt I es AL-7364-L AL-7401-1. AL-74b4-1, AL-7b12-1, AL-7637-1. AI.7 738-1.

K. Viscosity, cSt
at 40*C t62.2 50.6 60.4 64.6 70.1 59.8
at 1000 C 9.8 9.1 9.4 9.b 4.8 9(

VI 141 141 130 129 121 1,28

TAN 1.*72 2.09 2.65 2.63.10 6i.06
THN 5.14 4.60 3.t)5 4.54 6.04 4.00

Flash Point, * C 224 4 215 218 177 193
Pentalle Inso 1. *wt Z 0.07 0.32 0.53 0.60 0.23 0.20

(w / coag)
benzene I nsol , wt'~ 0.05 0.25) 0.31 0.44 0. 16 0. 17

(w /coag)

A A
Fe 140 75 56 64 61 59)

Pb1484 2361 1890 1835 1545 15021
Cu<1 3 3 3 3

sn 3 5
'. 22 2

7|

M1-2465 ItW/30-

38 4 1 0

'Ie. Ige, 891 440 899 873 743 4

'(hoei1o Test Kits
28eletric Cons. Kit 1 -1.) 0.1 1.8 2. . 5 3.1 1.1

\ropi it Kit A Blue Blue B I ue- BA4 1te Blue 131 AIe

Vi Comp. Kit A 4.0 3.6 5.0 5.0 5.4 4.0

Flas Po nt. (: 24 24 '15 28 17 lt3 7



TABLE B-21. FT. SAM HOUSTON FLEET TEST USING
MIL-L-46152 IOW/30

(1972 Chevrolet Pickup - G125)

28 Mar 78 26 Apr 78* 31 May 78 6 July 78 9 Aug 78 14 Sept 78

Properties AL-7365-L AL-7402-L AL-7465-L AL-7613-L AL-7674-L AL-7739-1,

K. Viscosity, cSt

at 400C t3.2 54.4 55.7 57.1 54.2 50.2

at 100 0 c, 9.7 8.94 8.9 9.0 8.6 8.2

Vi 136 143 138 135 134 135

TAN 2.96 1.82 2.30 2.74 3.20 6.88

rBN 4.66 4.93 4.10 2.36 3.83 2.14

.Llsh Point, *C 218 210 204 213 185 196

Pontatt Insol, wt% 2.59 O.06 0.11 0.72 0.82 1.44

(w/coag)
Benzenc Insol, wt% 1.21 0.04 0.04 0.37 0.49 0.45

(w/coag)

Ic, t, ] s, ppm
.AA

Fe 141 25 31 51 75 92

Ph 432 101 157 101H 1000 1291

*,3 <1 2 12

Sn <3 -1 <1 "I <5 <5

Cr 4 , 1 2 2

Si < 1-1 -A 9 <5 S

Al 29 It -, l5 <

M ileage 329 347 544 03( 674 34)

Mobile Test Kits
Dilectric Cons. Kit 1H 4.3 -1.2 1.6 2.0 2.5 2.7

•\ iditv Kit A Blue Blue Blue Blue Blue Cr o n

V'is Comp. Kit A 4.4 3.0 3.5 3.4 3.0 2.9

• Oil was drained on 29 Apr 1978
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'rABLE B-22. FT. SAM HOUSTON FLEET rEST USING
MIL-L-46152 10W/30

(1974 Chevrolet Pickup - G429)

28 Mar 78 26 Apr 78 31 May 78 6 July 78 9 Aug 74 14 Sept 78*

Property AL-7366-L AL-7403-L AL-7466-L AL-7614-L AL-7b75-, AL-7740-L

K. Viscosity, cSt
at 40*C 63.4 63.9 67.8 67.3 70.4 65.3
at 0O0 0C 9.7 9.7 10.1 10.1 10.7 10.0

VI 135 133 133 135 141 137
TAN 2.51 2.93 3.59 3.46 3.89 4.05
['N 7.51 8.24 5.84 6.28 7.14 7.24
P lash Point. * C 232 429 221 218 204 216
',ntane Insol, wtli 0.09 0.05 0.06 0.13 0. 17 0.02

(w/tcag)
inz,,ne Insol, wt"' 0.04 0.04 0.09 0.06 0.10 0.01

(w /coag)

Metals, ppm
.AA

Ft 35 46 42 58 70 19
Ph 2425 2581 2132 2146 2295 970
'lu 1 < 1 2 2 2 1
Sn <3 <1 -.1 - 1 <5 " s
C r 4 6 9 10 12 2
si <1 4 <1 5 <5 <5
Al <3 < 5 4 5 5

MIlage 336 412 478 402 442 394

Mobile Test Kits
Dielectric Cons. Kit H 1.5 1.5 2.2 2.3 2.6 2.2
Acidity Kit A Blue Blue Blue Blue Blue Blue
Vis Comp. Kit A 4.6 4.( S.8 S.2 5.2 5.0

*Oil was drained 31 Aug 1978.
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TABLE B-23. FT. SAM HOUSTON FLFET TEST USING

MIL-L-46152 IOW/30 AND GRADE 30 OR 20W/40

(1974 Chevrolet Pickup - G435)

28 Mar 78 26 Apr 78 31 May 78 6 July 78 9 Aug 73 14 Sept 78*

Property AL-7412-L AL-7467-L AL-7676-L AL-7741-L

K. Viscosity, cSt
at 40°C 69.7 77.9 76.9 122.7

at 1000C 10.2 11.3 10.5 13.5

VI 131 135 122 105

TAN 3.39 3.18 3.50 4.53

TBN 7.52 6.06 8.30 6.49

Flash Point, *C 199 207 204 227

Pentane Insol, wt% 0.05 0.10 0.14 0.04

(w/coag)

Benzene Insol, wt% 0.04 0.08 0.06 0.02

(wlcoag)
On TDY,

\4etals, ppm not

AA sampled.
Fe 26 25 32 14

Pb 54 45 58 31

k i1 2 2 1

Sn1 <1 <1 <5 <5

C r 2 1 <I

S , <1 <5 <5

AI "5 4 <5 <5

MileIge 703 738 1224 650

MoB1ile Test Kits

Diolectric Cons. Kit H 1.7 2.7 3.3 2.3

Acidity Kit A Blue Blue Blue Blue

Vis Comp. Kit A 4.8 b.2 5.8 9.2(2.5)**

* Oil was drained 21 Aug 1978.

** The numbers in parentheses used OE/HDO-30 as baseline.
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TABLE B-24. FT. SAM HOUSTON FLEET TEST USING
MIL-L-46152 10W/30

(1974 Chevrolet Pickup - G437)

28 Mar 78 26 Apr 78 31 May 78* ( July 78 9 Aug 7S 14 Sept 78
Property AL-7367-L AL-7405-L AL-7468-L AL-7615-L AL-7677-L AL-7742-L

K. Viscosity, cSt
at 400C 79.9 66.8 69.7 80.2 80.0 76.9
at 100°C 10.9 9.8 10.1 10.7 10.6 10.4

VI 123 129 129 118 117 120
TAN 2.90 3.46 3.06 2.54 2.89 5.88
TBN 6.09 8.00 4.58 3.89 b.59 5.62
Flash Point, 0C 232 238 238 240 218 213
Penttne Insol, wt% 0.92 0.15 0.09 0.05 0.09 0.09

(w/coag)
Benzone Insol, wt% 0.54 0.10 0.09 0.11 0.07 0.06

(w/coag)

Metals, ppm
AA
Fe 34 46 17 26 26 33
Pb 123 101 41 63 58 73
Cu 3 3 2 2 2 2
Sn < 3 10 < 1 < 1 < 5 < 5
Cr 2 2 1 1 1 2
Si < 1 12 <1 6 <5 <5
Al 10 13 8 9 10 11

M1 leage 798 t47 838 748 557 640

Mobile Test Kits
Dielectric Cons. Kit H 3.2 2.9 1.8 2.6 2.9 3.0
Acidity Kit A Blue Blue Blue Blue Blue Blue
Vis Comp. Kit A 6.2 6.4 6.6 6.2 6.0 6.1

* Oil was drained on 2 May 1978.
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TABLE B-25. 1978 HONDA ACCORD (CVCC ENGINE)

MIL-L-2104C OE/1DO-30

Miles

Property NEW 12,000 1,0 18,000 2100 24,000

K. Viscosity, cSt

at 400C 106.6 107.5 107.6 108.1 107.9 108.5

at 1000C 11.6 11.9 12.0 12.1 11.9 12.2

VI 98 101 102 102 100 104

TAN 2.3 2.11 2.54 2.96 3.69 4.54

TBN 13.9 12.9 13.2 13.8 14.2 14.3

Flash Point, *C 223 220 227 230 228 234

Pentane Insol, wt% 0.04 0.11 0.32 0.50 1.45 2.07

(w/coag)
Benzene Insol, wt% 0.03 0.08 0.17 0.41 0.71 0.98

(w/coag)

Metals, ppm
AA

Fe --- 16 22 30 41 50

Pb --- 79* 340 1391 5210 7700

Cu --- <1 2 5 7 8

Sn --- <1 "5 <5 "5 <5

Cr --- l 2 4 5 3

Si -<1 -5 <5 ,5 <9
"%I --- 6

Mobile Test Kits

Dielectric Cons. Kit 4 0 1.7 2.1 2.2 2.3 4.0

Acidity Kit A Blue Blue 1lue Blue Blue blue

Vis Comp. Kit A 0 0.8 1.1 1.3 1.6 2.0

* Used leaded gasoline
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TABLE B-26. 1978 FORD 150-4x4 PICKUP (400 CID)

MIL-L-46152-L Grade 30

Miles
Property NEW 2000 4000 6000 7500

K. Viscosity, cSt
at 40°C 108.5 110.7 112.9 113.2 132.5
at 100 0c 12.2 12.9 13..5 13.9 15.7

VI 103 110 117 122 124
TAN 1.95 2.19 2.43 3.01 8.86
TBN 5.62 5.47 5.13 4.62 4.51
Flash Point, °C 246 242 240 233 175
Pentane [nsol, wt% 0.015 0.4 (1.5 1.7 6.92

(w/coag)
Benzene Insol, wt% 0.01 0.3 0.5 1.3 3.20

(w/coag)

Metals, ppm

Fe --- $ 34 102 250

Pb 43 1376* 9743 19,994
Cu --- < 1 2 it 59
Sn --- < I < 5 12 33

Cr "-- 1 1 7 12
Si --- < 5 '5 12 59
Al --- -3 <5 7 15

Mobile Test Kits
Dielectric Cons. Kit H 0 1.0 1.7 2.6 4.7
Acidity Kit A Blue Blue Blue Blue Green/Yellow
Vis Comp. Kit A 0 0.6 1.2 1.5 2.6

* Used leaded gasoline
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APPENDIX C

PREVIOUS TEST RESULTS
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